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(57) An electron emitting device Includes at least an 
electron transporting member (1), an electron emitting 
member (3), and an electric field concentration region 
(2) formed between the electron transporting member 
(1) and the electron emitting member (3). For example, 
the electron transporting member (1 ) may be a conduc- 
tive layer, the electric field concentration region (2) may 
be formed of an insulating layer formed on the conduc- 



tive layer, and the electron emitting member (3) may be 
formed of particles provided on the Insulating layer. Due 
to the electric field concentration In the electric field con- 
centration region (2), electrons are easily injected from 
the electron transporting member (1) to the electron 
emitting member (3). 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an electron 
emitting device for emitting electrons using an appropri- 
ate material (for example, diamond particles) as an 
electron emitting source (emitter), a method for produc- 
ing the same, and an image display apparatus including 
such an electron emitting device, and a method for pro- 
ducing such an image display apparatus. The present 
invention also relates to a method for driving the elec- 
tron emitting device. 

BACKGROUND ART 

[0002] Recently, microscopic electron emitting 

devices have actively been developed as electron emit- 
ting sources for thin display devices and as emitters of 
microscopic vacuum devices capable of a high-speed 
operation. Conventionally used electron emitting 
devices are of a "heat releasing type", which applies a 
high voltage to a material, such as tungsten, heated to 
a high temperature. Recently, research and develop- 
ment of "cold cathode type" electron emitting devices 
which do not need to be heated to a high temperature 
and thus can emit electrons even at a low voltage have 
actively been performed. 

[0003] Cold cathode type electron emitting devices 
(hereinafter, also referred to as "cold cathode devices") 
are required to be driven at a low voltage and a low 
power consumption and to stably obtain a large amount 
of current. As such a cold cathode type electron emitting 
device, a device using diamond for an electron emitting 
region (emitter) has recently been proposed. Such a 
device has been proposed utilizing the facts that dia- 
mond is a semiconductor material having a wide forbid- 
den band (5.5 eV); has very suitable characteristics for 
a material for an electron emitting device such as, for 
example, a high hardness, a high resistance against 
wearing, a high heat conductivity, and chemical inactiv- 
ity; and can obtain a negative electron affinity by con- 
trolling a surface state to make the energy level of the 
end of the conduction band lower than the energy level 
of the vacuum area. Especially, the characteristic of the 
negative electron affinity means that electrons can eas- 
ily be emitted by injecting electrons into the conduction 
band of diamond. 

[0004] An electron emitting device using diamond is 
disclosed in, for example, Japanese Laid-Open Publica- 
tion No. 7-282715. A structure disclosed in the publica- 
tion is shown as simplified in Figure 29. 
[0005] Specifically in the structure shown in Figure 
29, a conductive layer 1112 acting as an electrode is 
formed on a substrate 1111, and an electron emitting 
region 1114 formed of diamond particles 1 1 1 3 is formed 
on the conductive layer 1112. Each of the diamond par- 
ticles 1113 has a negative electron affinity as a result of 
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a prescribed treatment. A counter electrode (not shown) 
is provided so as to face the electron emitting region 
1114 formed of the diamond particles 1113. Electrons 
are emitted from each diamond particle 1 1 1 3 by supply- 

5 ing the counter electrode with a potential. 

[0006] In the conventional structure shown in Figure 
29, the electron affinity of a surface of the diamond par- 
ticles 1113 is negative. Accordingly, the electrons 
migrating into the diamond particles 1113 from the con- 

10 ductive layer 1112 should be easily emitted from the 
diamond particles 1113. Therefore, theoretically, elec- 
trons can be emitted from the diamond particles 1113 
without application of a high voltage to the counter elec- 
trode (not shown). 

15 [0007] However, in actuality, a high voltage as in a 
previous structure needs to be applied to the counter 
electrode in order to cause electrons to emit with the 
structure shown in Figure 29. 

20 DISCLOSURE OF THE INVENTION 

[0008] The present invention made in light of the 
above-described problem of the conventional art has 
objectives of providing (1) an electron emitting device 

25 capable of stably providing a large amount of current 
when driven at a low voltage and a method for produc- 
ing the same, (2) an image display apparatus including 
such an electron emitting device and a method for pro- 
ducing the same, and (3) a method for driving such an 

30 electron emitting device. 

[0009] An electron emitting device according to the 
present invention includes at least comprising an elec- 
tron transporting member; an electron emitting mem- 
ber; and an electric field concentration region formed 

35 between the electron transporting member and the 
electron emitting member. 

[0010] The electron transporting member may be a 
conductive layer. 

[0011] The electric field concentration region may 
40 be formed of an insulating layer. 

[0012] The electron emitting member may be 
formed of particles. 

[0013] In one embodiment, the electron transport- 
ing member is a conductive layer, the electric field con- 
45 centration region is formed of an insulating layer formed 
on the conductive layer, and the electron emitting mem- 
ber is formed of particles provided on the insulating 

[0014] In one embodiment, the electron emitting 
50 device further includes an extraction electrode provided 
at a prescribed position with respect to the electron 
emitting member and supplied with a potential for 
extracting electrons from the electron emitting member. 
[001 5] In one embodiment, a surface of the electron 
55 transporting member is roughened so as to have con- 
vex and concave portions, and the electron emitting 
member is provided on the roughened surface of the 
electron transporting member, with at least the convex 



2 



3 EP1 ( 

portions of the convex and concave portions interposed 
therebetween. 

[0016] In one embodiment, the electron emitting 
device further includes a circuit for causing an electric 
current to flow in the electron transporting member. 
[0017] In one embodiment, the electric field con- 
centration region is formed of an insulating layer formed 
on a surface of the particles forming the electron emit- 
ting member, and the particles are provided on the elec- 
tron transporting member with the insulating layer 
interposed therebetween. 

[0018] In another embodiment, the electron trans- 
porting member is a conductive layer, and the electric 
field concentration region is formed of an insulating 
layer formed on the conductive layer, and the electron 
emitting member is formed of particles provided so as to 
be partially buried in the insulating layer. 
[0019] Preferably, the electric field concentration 
region has a thickness of 1 000 A or less. 
[0020] In one embodiment, the electron emitting 
member is formed of a plurality of particles provided 
independently, out of contact with one another. 
[0021] Preferably, the electron emitting member is 
formed of particles of a material having a negative elec- 
tron affinity. 

[0022] The particles may be diamond particles. For 
example, the diamond particles are artificial diamond 
particles. Alternatively, the diamond particles are dia- 
mond particles synthesized by a vapor phase tech- 
nique. 

[0023] Alternatively, the particles are carbon parti- 
cles partially having a diamond structure. 
[0024] An outermost surface layer of the diamond 

particles may have a termination structure bonded with 
hydrogen. 

[0025] For example, the diamond particles are 
formed by being exposed to a hydrogen atmosphere of 
600°C or higher. 

[0026] The diamond particles may include an impu- 
rity. 

[0027] The impurity may be formed by ion implanta- 
tion. Preferably, the impurity has a density of 1 x 
10''^/cm^ or higher. 

[0028] The electron transporting member may be a 
conductive layer formed of a material having a small 
work function. 

[0029] An electron emitting device according to 
another aspect of the invention includes at least com- 
prising an electron injection member; an electron emit- 
ting member; and an electron transporting member 
formed between the electron transporting member and 
the electron emitting member. The electron transporting 
member includes an electrically insulating or highly 
resistive portion when supplied with a prescribed low 
DC voltage. 

[0030] Preferably, the electron transporting member 
includes a portion having an electric resistance of 1 
kncm or higher when supplied with such a weak electric 
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field as to make a highest electric field strength in the 
electron transporting member 1 mV/^m or less. 
[0031] The electron emitting member may include a 
substance having a negative electron affinity. 
5 [0032] The electron emitting member may include a 
substance containing at least carbon or particles 
thereof. For example, the electron emitting member may 
include graphite particles. 

[0033] In one embodiment, the electron emitting 
10 member includes at least wide bandgap semiconductor 
particles having a bandgap of 3.5 eV or more. 
[0034] For example, the electron emitting member 
includes diamond particles. 

[0035] In one embodiment, the electron emitting 

15 member is formed of particles, and the particles are 
each larger than a cube having a side of 1 nm and can 
be accommodated in a cube having a side of 1 mm. 
[0036] In one embodiment, the electron transport- 
ing member is formed of particles or a thin film of a wide 

20 bandgap semiconductor material having a bandgap of 
3.5 eV or more, and the electron emitting member is 
formed on a surface of the particles or the thin film of the 
wide bandgap semiconductor material. 
[0037] In one embodiment, the electron transport- 

25 ing member and the electron emitting member are each 
formed of particles of a thin film of a diamond material 
formed by a vapor phase growth technique. 
[0038] The electron emitting member may be a sur- 
face conductive layer of particles or a thin film of a 

30 hydrogenized diamond material. 

[0039] In one embodiment, the electron transport- 
ing member and the electron emitting member are each 
formed of a diamond thin film, and the diamond thin film 
has a thickness of 1 0 nm or more and 1 0 |,im or less. 

35 [0040] In one embodiment, the electron transport- 
ing member is formed of diamond particles, and the 
electron emitting member is formed of diamond-con- 
taining a carbon-based thin film or particles formed on 
at least a part of a surface of the diamond particles 

40 forming the electron transporting member. 

[0041 ] In one embodiment, at least one of the elec- 
tron emitting member and the electron transporting 
member is formed of a wide bandgap semiconductor 
material having a bandgap of 3.5 eV or more, and the 

45 wide bandgap semiconductor material is a compound of 
nitrogen and at least one element of Ga, Al, In and B. 
[0042] Preferably, the electron injection member 
and the electron transporting member are in ohmic con- 
tact with each other. 

50 [0043] The electron transporting member includes 
an insulating layer having a thickness of 500 nm or less. 
[0044] A method for producing an electron emitting 
device according to the present invention includes the 
steps of forming an electron transporting member on a 

55 substrate; and providing an electron emitting member in 
contact with the electron transporting member with an 
electric field concentration region interposed therebe- 
tween. 
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[0045] In one embodiment, the electron transport- 
ing member is a conductive layer formed on the sub- 
strate, and the electron emitting member is formed of 
particles provided in contact with the conductive layer 
with an insulating layer acting as the electric field con- 
centration region interposed therebetween. 
[0046] In one embodiment, the method further 
includes the step of providing an extraction electrode to 
be supplied with a potential for extracting electrons from 
the electron emitting member, the extraction electrode 
being provided at a prescribed position with respect to 
the electron emitting member. 

[0047] In one embodiment, the method further 
includes the step of roughening a surface of the electron 
transporting member. 

[0048] In one embodiment, the method further 
includes the step of providing a circuit for causing an 
electric current to flow in the electron transporting mem- 
ber. 

[0049] In one embodiment, the step of providing the 
electron emitting member includes the steps of forming 
an insulating layer acting as the electric field concentra- 
tion region on a conductive layer acting as the electron 
transporting member, and providing particles acting as 
the electron emitting member on the insulating layer. 
[0050] In one embodiment, the step of providing the 
electron emitting member includes the steps of forming 
an insulating layer acting as the electric field concentra- 
tion region on a surface of particles acting as the elec- 
tron emitting member, and providing the particles on a 
conductive layer acting as the electron transporting 
member. 

[0051 ] In one embodiment, the step of providing the 

electron emitting member includes the steps of causing 
a mixture of a liquid curable insulating substance and 
prescribed particles to adhere to a conductive layer act- 
ing as the electron transporting member, curing the liq- 
uid curable insulating substance, and selectively 
removing only a surface portion of the cured insulating 
substance to expose a portion of the particles included 
in the mixture, thereby causing the exposed portion of 
the particles to act as the electron emitting member. 
[0052] The selective removing step can be per- 
formed by chemical etching. For example, the chemical 
etching is performed by a hydrogen plasma irradiation 
process. 

[0053] In one embodiment, the step of providing the 
electron emitting member includes the steps of forming 
an insulating layer acting as the electric field concentra- 
tion region on a conductive layer acting as the electron 
transporting member, providing the substrate having the 
insulating layer formed thereon in a solution containing 
particles dispersed therein, and applying ultrasonic 
vibration to the solution to cause the particles in the 
solution to adhere to the insulating layer. The particles 
adhering to the insulating layer act as the electron emit- 
ting member. 

[0054] In one embodiment, the step of providing the 



electron emitting member includes the steps of forming 
an insulating layer acting as the electric field concentra- 
tion region on a conductive layer acting as the electron 
transporting member, and applying a solution contain- 
5 ing particles dispersed therein to the insulating layer to 
cause the particles to adhere to the insulating layer. The 
particles adhering to the insulating layer act as the elec- 
tron emitting member. 

[0055] In one embodiment, the step of providing the 

10 electron emitting member includes the steps of forming 
an insulating layer acting as the electric field concentra- 
tion region on a conductive layer acting as the electron 
transporting member, and using an electrophoresis 
process using a solution containing particles dispersed 

15 therein to cause the particles to adhere to the insulating 
layer. The particles adhering to the insulating layer act 
as the electron emitting member. 
[0056] In one embodiment, the step of providing the 
electron emitting member includes the steps of forming 

20 an insulating layer acting as the electric field concentra- 
tion region on a surface of particles acting as the elec- 
tron emitting member, providing the substrate having a 
conductive layer acting as the electron transporting 
member formed thereon in a solution containing parti- 

25 cles dispersed therein, and applying ultrasonic vibration 
to the solution to cause the particles in the solution to 
adhere to the conductive layer. 

[0057] In one embodiment, the step of providing the 
electron emitting member includes the steps of forming 

30 an insulating layer acting as the electric field concentra- 
tion region on a surface of particles acting as the elec- 
tron emitting member, and applying a solution 
containing particles dispersed therein to the conductive 
layer acting as the electron transporting member to 

35 cause the particles to adhere to the insulating layer. 
[0058] In one embodiment, the step of providing the 
electron emitting member includes the steps of forming 
an insulating layer acting as the electric field concentra- 
tion region on a surface of particles acting as the elec- 

40 tron emitting member, and using an electrophoresis 
process using a solution containing the particles dis- 
persed therein to cause the particles to adhere to a con- 
ductive layer acting as the electron transporting 
member. 

45 [0059] In one embodiment, the step of roughening 
the surface of the electron transporting member 
includes the step of forming a conductive layer acting as 
the electron transporting member by a thermal spraying 
technique. 

50 [0060] In one embodiment, the step of roughening 
the surface of the electron transporting member 
includes the steps of forming a flat conductive layer act- 
ing as the electron transporting member, and roughen- 
ing a surface of the flat conductive layer. For example, 

55 the step of roughening a surface of the flat conductive 
layer is performed by blasting. Alternatively, the step of 
roughening a surface of the flat conductive layer is per- 
formed by chemical etching. 
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[0061] In one embodiment, the method further 
includes the step of roughening a surface of the sub- 
strate, wherein the electron transporting member is 
formed on the roughened surface of the substrate to 
roughen a surface of the electron transporting member. 
[0062] In one embodiment, at least one of the elec- 
tron transporting member and the electron emitting 
member is a diamond thin film grown by a vapor phase 
growth technique, the method comprising the step of 
distributing diamond growth nuclei having a distribution 
density of 1 x 10^°/cm^ or more as a pro-vapor phase 
technique. 

[0063] According to still another aspect of the 
invention, a method for driving an electron emitting 
device, the electron emitting device including at least an 
electron injection member, an electron emitting mem- 
ber, and an electron transporting member between the 
electron injection member and the electron emitting 
member. The electron transporting member includes an 
electrically insulating or highly resistive portion when 
supplied with a prescribed low DC voltage, the method 
comprising the step of applying a potential changing 
time-wise to the electron emitting member. 
[0064] Preferably, a potential changing time-wise is 
applied to the electron emitting member in the state 
where the electron emitting member is insulated from 
the electron injection member in a DC manner. 
[0065] In one embodiment, the potential changing 
time-wise is formed by superimposing a DC voltage for 
causing the electron emitting member to have a positive 
potential with respect to the electron injection member, 
to a prescribed AC voltage. 

[0066] In one embodiment, an extraction electrode 
is supplied with a DC voltage, for applying an electric 
field to the electron emitting member through a vacuum 
area, the electric field being applied for causing elec- 
trons to be emitted from the electron emitting member, 
so that the electron injection member has a negative 
potential and the extraction electrode has a positive 
potential. 

[0067] An image display apparatus according to the 
present invention includes at least an electron emitting 
source; and an image forming section for forming an 
image by electrons emitted from the electron emitting 
source. The electron emitting source includes at least a 
plurality of electron emitting devices. Each of the plural- 
ity of electron emitting devices has features as 
described above. 

[0068] A method for producing an image display 
apparatus according to the present invention includes 
the steps of forming a plurality of electron emitting 
devices; forming an electron emitting source using the 
plurality of electron emitting devices and providing the 
electron emitting source at a prescribed position; and 
providing an image forming section for forming an 
image by electrons emitted from the electron emitting 
source, at a prescribed positional relationship with the 
electron emitting source. Each of the plurality of elec- 
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tron emitting devices is formed by a method according 
to the present invention having features as described 
above. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 
[0069] 

Figure 1 A is a schematic cross-sectional view of an 
w electron emitting device in a first example according 
to the present invention. 

Figure 1 B is a schematic view of an electric field 
(equipotential lines) in the structure shown in Figure 
15 1A when an electric field concentration region 
exists. 

Figure 10 is a schematic view of an electric field 
(equipotential lines) in the structure shown in Figure 
20 1 A when an electric field concentration region does 

not exist. 

Figure 1D is a schematic cross-sectional view of a 
modified structure of an electron emitting device in 
25 the first example according to the present invention. 

Figure IE is a schematic cross-sectional view of 
another modified structure of an electron emitting 
device in the first example according to the present 
30 invention. 

Figure 2 is a schematic cross-sectional view of still 
another modified structure of an electron emitting 
device in the first example according to the present 
35 invention. 

Figure 3 is a schematic cross-sectional view of still 
another modified structure of an electron emitting 
device in the first example according to the present 
40 invention. 

Figure 4 is a schematic cross-sectional view of an 
electron emitting device in a second example 
according to the present invention. 

45 

Figure 5A is a schematic cross-sectional view of an 
electron emitting device in a third example accord- 
ing to the present invention. 

50 Figure 5B is a schematic cross-sectional view of a 
modified structure of an electron emitting device in 
the third example according to the present inven- 
tion. 

55 Figure 6A is a schematic cross-sectional view of an 
electron emitting device in a fourth example accord- 
ing to the present invention. 
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Figure 6B is a scliematic cross-sectional view of a 
modified structure of an electron emitting device in 
the fourth example according to the present inven- 
tion. 

5 

Figure 7 is a schematic cross-sectional view of an 
electron emitting device in a fifth example according 
to the present invention. 

Figure 8 is a schematic cross-sectional view of an io 
electron emitting device in a sixth example accord- 
ing to the present invention. 

Figure 9 is a schematic cross-sectional view of an 
electron emitting device in a seventh example 15 
according to the present invention. 

Figure 10 is a schematic cross-sectional view of an 
electron emitting device in an eighth example 
according to the present invention. 20 

Figure 1 1 is a schematic cross-sectional view of an 
electron emitting device in a ninth example accord- 
ing to the present invention. 

25 

Figure 12 is a schematic cross-sectional view of a 
modified structure of an electron emitting device in 
the ninth example according to the present inven- 
tion. 

30 

Figure 13 is a schematic cross-sectional view of 
another modified structure of an electron emitting 
device in the ninth example according to the 

present invention. 

35 

Figure 14 is a schematic cross-sectional view of an 
electron emitting device in a tenth example accord- 
ing to the present invention. 

Figure 1 5 is a schematic cross-sectional view of an 40 
electron emitting device in an eleventh example 
according to the present invention. 

Figure 16 is a schematic cross-sectional view of an 
electron emitting device in a twelfth example 45 
according to the present invention. 

Figure 17 is a schematic cross-sectional view of a 
modified structure of an electron emitting device in 
the tenth example according to the present inven- so 
tion. 

Figure 18 is a schematic cross-sectional view of a 
modified structure of an electron emitting device in 
the eleventh example according to the present 55 
invention. 

Figures 19(a) through (c) are cross-sectional views 



schematically illustrating steps for producing the 
electron emitting device shown in Figure 1 A. 

Figures 20(a) through (d) are cross-sectional views 
schematically illustrating steps for producing the 
electron emitting device shown in Figure 4. 

Figures 21(a) through (c) are cross-sectional views 
schematically illustrating steps for producing the 
electron emitting device shown in Figure 5A. 

Figures 22(a) through (d) are cross-sectional views 
schematically illustrating steps for producing the 
electron emitting device shown in Figure 6A. 

Figures 23(a) through (c) are cross-sectional views 
schematically illustrating steps for producing the 
electron emitting device shown in Figure 7. 

Figures 24(a) through (d) are cross-sectional views 
schematically illustrating steps for producing the 
electron emitting device shown in Figure 8. 

Figures 25(a) through (c) are cross-sectional views 
schematically illustrating steps for producing the 
electron emitting device shown in Figure 9. 

Figures 26(a) through (d) are cross-sectional views 
schematically illustrating steps for producing the 
electron emitting device shown in Figure 10. 

Figure 27 is a schematic cross-sectional view of a 
structure of an image display apparatus in a thir- 
teenth example according to the present invention. 

Figures 28(a) through (d) are cross-sectional views 
schematically illustrating steps for producing the 
image display apparatus shown in Figure 27. 

Figure 29 is a schematic cross-sectional view of a 
structure of a conventional electron emitting device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0070] According to the studies of the present 
inventors, the reason that a high voltage needs to be 
applied to the counter electrode, as described above, in 
order to actually cause electrons to emit from the elec- 
tron emitting device having a conventional structure 
shown in Figure 29 is that an electron barrier exists at 
an interface between the conductive layer 1112 and the 
diamond particles 1113. 

[0071] When the conductive layer 1112 and the dia- 
mond particles 1113 form an ohmic contact, the above- 
described problem does not occur. However, it is gener- 
ally difficult to form an ohmic contact with diamond due 
to the material characteristics of the conductive layer 
and the diamond, and in actuality a Schottky contact is 
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formed. Accordingly, in order to inject the electrons from 
the conductive layer 1112 to the diamond particles 
1113, the electrons need to migrate over the electron 
barrier at the interface between the conductive layer 
1112 and the diamond particles 1113. Therefore, the 
electrons need to be supplied with a sufficient amount of 
energy by application of a high voltage to the counter 
electrode. 

[0072] Due to the above-described reason, it is dif- 
ficult to efficiently inject the electrons from the conduc- 
tive layer 1112 to the diamond particles 1113 with the 
conventional structure shown in Figure 29. Thus, the 
electrons cannot be obtained in a sufficient amount. 
[0073] Hereinafter, several practical examples of 
the present invention made based on the studies by the 
present inventors will be described with reference to the 
attached drawings. 

(Example 1) 

[0074] Figure 1A shows a cross-sectional view of 
an electron emitting device in a first example according 
to the present invention. The structure shown in Figure 
1 A is generally referred to as a diode structure. 
[0075] With reference to Figure 1A, an electron 
transporting member 1 is formed on a substrate 1 1 , and 
electron emitting members 3 forming an electron emit- 
ting region 4 are provided on the electron transporting 
member 1 with an electric field concentration region 2 
interposed therebetween. The electron emitting mem- 
bers 3 can be formed of a conductive layer 1 , the elec- 
tron emitting members 3 can be formed of particles, and 
the electric field concentration region 2 can be formed of 
an insulating layer 2, but the materials are not specifi- 
cally limited to these materials. 

[0076] When a voltage is applied to an electrode 
(not shown) facing the electron emitting members 3, an 
electric field is generated between the electron trans- 
porting member 1 and the electrode not shown. The 
level of the electric field is determined by a voltage and 
a distance between the electron transporting member 1 
and the electrode. In the case where, for example, the 
particle-like electron emitting members 3 exist, equipo- 
tential lines a are generated while avoiding the electron 
emitting members 3. In the case where, as shown in 
Figure 1C, each electron emitting member 3 is provided 
directly on the electron transporting member 1 without 
the electric field concentration region 2 existing therebe- 
tween, the electric field (equipotential lines) concen- 
trates only at one location, i.e., between the electron 
emitting member 3 and the electrode (not shown) facing 
the electron emitting member 3 (in the vicinity of a tip of 
the electron emitting member 3). In the case where, as 
shown in Figure 1B, the electric field concentration 
region 2 is provided, the electric field (equipotential 
lines) concentrates in the location between the electron 
emitting member 3 and the electrode (not shown) facing 
the electron emitting member 3 and also in the electric 



field concentration region 2 between the electron emit- 
ting member 3 and the electron transporting member 1 . 
The existence of the electric field concentrated in the 
electric field concentration region 2 facilitates the injec- 
5 tion of electrons from the electron transporting member 

1 to the electron emitting members 3. 

[0077] A process for electron emission with such a 

structure will be described below. 

[0078] The electric field concentration region 2 has 

10 a thickness which is sufficiently smaller than the dis- 
tance between the electron emitting members 3 and a 
counter electrode (not shown). Accordingly, the electric 
field concentrated in the electric field concentration 
region 2 is stronger than the electric field concentrated 

15 in the vicinity of the tips of the electron emitting mem- 
bers 3. Therefore, the electrons first tunnel through the 
electric field concentration region 2 and thus are 
injected into the electron emitting members 3 from the 
electron transporting member 1. 

20 [0079] In the state where a sufficient amount of 
electrons are injected, the electron emitting members 3 
has an equal potential with that of the electron trans- 
porting member 1. In terms of potential, the electron 
emitting members 3 are like projections existing on the 

25 electron transporting member 1 . At this point, the con- 
centration of the electric field in the electric field concen- 
tration region 2 disappears. 

[0080] Then, the electrons are emitted from the 
electron emitting members 3 toward the counter elec- 

30 trode by the electric field concentration caused between 
the electron emitting members 3 and the counter elec- 
trode (not shown). At this point, the electron emitting 
device is returned to the initial state. 
[0081] Then, again, the electric field is concentrated 

35 in two locations, i.e., in the electric field concentration 
region 2, and between the electron emitting members 3 
and the counter electrode (in the vicinity of the tips of 
the electron emitting members 3). 
[0082] By repeating the above-described operation, 

40 the electrons are transferred from the electron trans- 
porting member 1 . 

[0083] In the above description, the electron emit- 
ting members 3 are particle-like, in order to improve the 
degree of electric field concentration between the elec- 

45 tron emitting members 3 and the counter electrode for 
causing the electrons to be emitted from the electron 
emitting members 3 to the counter electrode. However, 
the electron emitting members 3 do not need to be par- 
ticle-like in order to achieve the objective of the present 

50 invention of improving the efficiency of electron injection 
from the electron transporting member 1 to the electron 
emitting members 3. For example, as shown in Figure 
1 D, a layer-like electron emitting member (electron emit- 
ting layer) 3 can be provided on the electron transport- 

55 ing member 1 with the electric field concentration region 

2 interposed therebetween. An effect similar to that of 
the above-described structure can be provided. 
[0084] The electric field concentration region 2 



7 



13 EP 1 056 110 A1 14 



does not need to be formed of an insulating material as 
mentioned above. For example, as shown in Figure 1 E, 
a very narrow gap can be formed between the electron 
transporting member 1 and the electron emitting mem- 
bers 3. The gap, i.e., a vacuum space area 2 acts as the 
electric field concentration region 2. Thus, an effect sim- 
ilar to that of the above-described structure can be pro- 
vided. 

[0085] In any of the structures, the electrons in the 
electric field concentration region 2 migrate by the tun- 
neling effect. Accordingly, the electric field concentra- 
tion region (for example, insulating layer) 2 preferably 
has a thickness allowing tunneling of the electrons, for 
example, about 1 000 A or less. 
[0086] In the example shown in Figure 1 A, the par- 
ticles 3 as the electron emitting members 3 forming the 
electron emitting region 4 adhere to and are provided on 
the conductive layer 1 as the electron transporting 
member 1 , with the insulating layer 2 as the electric field 
concentration region 2 interposed therebetween. How- 
ever, the structure for realizing the present invention is 
not limited to this structure. For example, as shown in 
Figure 2, the particles 3 having an insulating layer 2 on 
a surface thereof can adhere to and be provided on the 
conductive layer 1 . Alternatively, as shown in Figure 3, 
the particles 3 can be partially buried in the insulating 
layer 2 formed on the conductive layer 1 . 
[0087] A current discharged from the electron emit- 
ting region 4 is a total of the electrons emitted from the 
particles 3. Accordingly, the particles 3 forming the elec- 
tron emitting region 4 preferably adhere independently, 
i.e., out of contact with one another, in order to obtain a 
large amount of current which is uniform and stable 
time-wise and space-wise. 

[0088] Especially when diamond is used for the par- 
ticles 3, the substance characteristics of the particles 3 
are stabilized and thus the time-wise stability of electron 
emission is further enhanced. Types of industrially usa- 
ble diamond include, for example, artificial diamond 
synthesized by a vapor phase synthesis technique. It is 
generally considered that the electron affinity of dia- 
mond is made negative by hydrogen-terminating the 
surface of diamond. Thus, the particles 3 formed of dia- 
mond and having a surface thereof hydrogen-termi- 
nated can further enhance the effect of the present 
invention. The diamond particles can be hydrogen-ter- 
minated by, for example, exposing the diamond parti- 
cles to a hydrogen atmosphere of 600°C or higher or by 
exposing the diamond particles to a hydrogen plasma. 
[0089] When carbon particles partially having a dia- 
mond structure are used as the particles 3, a similar 
effect can be provided. In this case also, the effect of the 
present invention can be enhanced by hydrogen-termi- 
nation. The hydrogen-termination can be performed in a 
manner similar to that in the case of the diamond parti- 
cles. 

[0090] In the case where the diamond particles 3 or 
the carbon particles 3 partially having a diamond struc- 



ture contain an impurity therein, the electric resistance 
of the particles is reduced and thus an effect of increas- 
ing the current amount can be provided. Accordingly, 
the effect of the present invention can be enhanced. 

5 The impurity can be artificially controlled so as to exist 
inside the particles 3 by a technique of ion implantation 
or the like. The density of the impurity is preferably, for 
example, 1 x 10'''^/cm'^ or higher. 
[0091] The conductive layer 1, which acts as an 

10 electrode for supplying the particles 3 forming the elec- 
tron emitting region 4 with electrons, can be a thin or 
thick film formed of an arbitrary conductive material 
such as, for example, usual metals. The effect of the 
invention can clearly be obtained regardless of whether 

15 the conductive layer 1 has a single layer structure or a 
multiple layer structure. When permitted by the struc- 
ture of the electron emitting device, the substrate 11 can 
act as the conductive layer 1 . 

[0092] A specific exemplary structure and a method 
20 for producing the same in the first example according to 
the present invention will be described below. 
[0093] First, as shown in Figure 19(a), the conduc- 
tive layer 1 is formed on a surface of the Si substrate 1 1 . 
Next, as shown in Figure 19(b), an Si02 layer 2 having 
25 a thickness of 500 A is formed on the conductive layer 
1. Then, as shown in Figure 19(c), diamond particles 3 
having an average particle diameter of 10 \m are 
caused to adhere to the Si02 layer 2, thereby forming 
the electron emitting region 4. 
30 [0094] The diamond particles 3 are caused to 
adhere by, for example, mixing the diamond particles 3 
in a vehicle and performing spin-coating; immersing the 
substrate 11 in Figure 19(b) in a solution containing the 
particles 3 dispersed therein and applying ultrasonic 
35 vibration to the solution so that the particles 3 in the 
solution are caused to adhere to the substrate 11 ; or 
performing electrophoresis. By any of the techniques, 
the particles 3 can be caused to adhere to the substrate 
11 while being out of contact with one another by appro- 
ve priately setting the adhering conditions. 

[0095] In this state, a counter electrode was pro- 
vided 1 mm away from the Si substrate 11 and a voltage 
was applied to the counter electrode. An emission cur- 
rent of 1 nA/cm^ or more was obtained at a voltage of 
45 about 3 kV. 

[0096] Alternatively, as shown in Figure 2, Cu parti- 
cles 3 having the insulating layer 2 formed of an oxide 
layer on the surface thereof can adhere to the conduc- 
tive layer 1 . 

50 [0097] Still alternatively, as shown in Figure 3, after 
an oxide layer 2 is formed on a surface of an indium 
layer 1 as the conductive layer 1 , the diamond particles 
3 can be buried in the oxide layer 2 so as not to destroy 
the oxide layer 2. According to a still alternative tech- 

55 nique, the particles are mixed with a liquid curable insu- 
lating substance, and the mixture is caused to adhere to 
the conductive layer and cured. Then, the insulating 
substance at a surface and the vicinity thereof is selec- 
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lively removed to expose a part of the particles. A simi- 
lar effect is provided. 

[0098] By any of the above-mentioned processes 
(and structures obtained by the processes), the plurality 
of particles 3 are caused to adhere to the conductive 
layer 1 while being out of contact with one another. As a 
result, each of the particles 3 acts as an electron emit- 
ting source (emitter). Therefore, the amount of current 
(electrons) emitted from the electron emitting region 4 is 
the total amount of electrons emitted from all of the par- 
ticles 3. The resultant electron emitting element can 
provide a large amount of current. 
[0099] The diamond used above is artificial dia- 
mond synthesized by, for example, a vapor phase syn- 
thesis technique. The diamond was exposed to a 
hydrogen atmosphere of 600°C and the surface thereof 
was hydrogen-terminated. A reduction in the voltage at 
which the electron emission starts was observed. A 
similar effect was observed by exposing the diamond 
particles to a hydrogen plasma. 

[0100] Black diamond particles, which are generally 
considered to be poor in quality, are actually carbon par- 
ticles partially having a diamond structure. Even when 
the black diamond particles were used as the particles 
3, a similar effect could be provided. In this case, by 
hydrogen-terminating the surface of the black diamond 
particles in a process similar to that described above, a 
similar effect to that obtained in the case of the diamond 
particles was provided. 

[0101] The diamond particles or the carbon parti- 
cles partially having a diamond structure contain an 

impurity therein. Therefore, the electric resistance 
thereof was reduced, and as a result an increase in the 
amount of current was observed. Alternatively by artifi- 
cially controlling the impurity to exist inside the particles 
3 by ion implantation, the electron emission characteris- 
tics can be controlled. For example, by implanting boron 
as an impurity at a density of 1 x 1 0^^/cm'^ or higher, an 
improvement in the emission characteristics was 
observed. 

[0102] The electron transporting member 1 in the 
above-described structure is preferably formed of a 
material having a minimum possible work function for 
the following reason. The electrons are extracted from 
the electron transporting member 1 and injected into the 
electron emitting members 3 by an electric field concen- 
tration generated in the electric field concentration 
region 2. Therefore, as the work function of the material 
forming the electron transporting member 1 is smaller, 
the electrons can be more efficiently extracted (injected 
into the electron emitting members 3). The other exam- 
ples of the present invention having similar structures 
may have this feature. 

(Example 2) 

[0103] Figure 4 shows a cross-sectional view of an 
electron emitting device in a second example according 
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to the present invention. 

[0104] With the structure shown in Figure 4, a con- 
ductive layer (electron transporting member) 1 is formed 
on a substrate 1 1 . An insulating layer (electric field con- 

5 centration region) 2 is formed on the conductive layer 1 . 
Particles (electron emitting members) 3 adhere to the 
insulating layer 2 to form an electron emitting region 4. 
An extraction electrode 5 having an opening 5a at a 
position corresponding to the electron emitting region 4 

10 is provided with a prescribed distance from the electron 
emitting region 4. 

[0105] The structure shown in Figure 4 is generally 
referred to as atriode structure. By applying a voltage to 
the extraction electrode 5, an electric field is concen- 

15 trated on a surface of the electron emitting region 4 to 
extract electrons e and to cause the electrons e to pass 
through the opening 5a. Thus, the electrons e are 
extracted. Although having a slightly more complicated 
structure than the structure of the diode system in the 

20 first example, the electron emitting device of the triode 
system allows a voltage applied to the extraction elec- 
trode 5 for extracting the electrons e to be set independ- 
ently from a voltage applied to a counter electrode (not 
shown) to cause a fluorescent body (not shown) to emit 

25 light. Accordingly, the extraction electrode 5 can be pro- 
vided in the vicinity of the electron emitting region 4, and 
as a result, the electrons e can be extracted at a lower 
voltage. 

[0106] The shape of the opening 5a provided in the 
30 extraction electrode 5 is not limited to any specific 
shape, but can be any of various shapes including circu- 
lar, rectangular, and polygonal shapes. Alternatively, the 
opening can be slit-like. For simplicity, the cross-sec- 
tional view of Figure 4 does not show an end of the 
35 opening, which is seen when the opening 5a is circular 
or polygonal. This is applied to any other similar figures 
of the present invention. 

[01 07] A specific exemplary structure and a method 
for producing the same in the second example accord- 

40 ing to the present invention will be described below. 
[0108] First, as shown in Figure 20(a), the conduc- 
tive layer 1 is formed on a surface of an Si substrate 11 . 
Next, as shown in Figure 20(b), an Si02 layer 2 having 
a thickness of 500 A is formed an the conductive layer 

45 1. Then, as shown in Figure 20(c), diamond particles 3 
having an average particle diameter of 10 |xm are 
caused to adhere to the Si02 layer 2, thereby forming 
the electron emitting region 4. 

[0109] The diamond particles 3 are caused to 
50 adhere by, for example, mixing the diamond particles 3 
in a vehicle and performing spin-coating; immersing the 
substrate 11 in Figure 20(b) in a solution containing the 
particles 3 dispersed therein and applying ultrasonic 
vibration to the solution so that the particles 3 in the 
55 solution are caused to adhere to the substrate 1 1 ; or 
performing electrophoresis. By any of the techniques, 
the particles 3 can be caused to adhere to the substrate 
1 1 while being out of contact with one another by appro- 
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priately setting the adhering conditions. 
[0110] By any of the above-mentioned processes 
(and structures obtained by the processes), the plurality 
of particles 3 are caused to adhere to the conductive 
layer 1 while being out of contact with one another. As a 
result, each of the particles 3 acts as an electron emit- 
ting source (emitter). Therefore, the amount of current 
(electrons) emitted from the electron emitting region 4 is 
the total amount of electrons emitted from all of the par- 
ticles 3. The resultant electron emitting element can 
provide a large amount of current. 
[0111] The extraction electrode 5 having the open- 
ing 5a is formed of a thin plate of an appropriate metal 
material in this state. Then, as shown in Figure 20(d), 
the extraction electrode 5 is located with a distance of 1 
mm from the electron emitting region 4 so that the open- 
ing 5a is located at a position corresponding to the elec- 
tron emitting region 4. When a voltage was applied to 
the extraction electrode 5, an emission current of 1 
|iA/cm^ or more was obtained at a voltage of about 3 kV. 
[0112] The particles 3 forming the electron emitting 
region 4 can be caused to adhere after the extraction 
electrode 5 having the opening 5a is located at a pre- 
scribed position. It is necessary, in that case, to prevent 
the adherence of the particles 3 to the extraction elec- 
trode 5. 

[0113] In the structure of this example, a voltage 
can be applied to an anode electrode (not shown) inde- 
pendently from the voltage applied for extracting the 
electrons e. For example, an image display having an 

improved luminance was obtained by applying a voltage 

of 1 0 kV to the anode electrode. 

[0114] The structure of this example provides an 
effect similar to that of the first example by the adher- 
ence of the particles (electron emitting members) 3 
forming the electron emitting region 4 to the conductive 
layer (electron transporting member) 1 with the insulat- 
ing layer (electric field concentration region) 2 inter- 
posed therebetween. The practical materials and 
modifications of the insulating layer 2, the particles 3 
and the other components, the resultant effects, the 
electron emitting mechanism and the like of the struc- 
ture of this example are similar to those in the first 
example. 

[0115] The structure of this example is not limited to 
the structure shown in Figure 4 in which the particles 3 
or an aggregate 4 of the particles 3 as the electron emit- 
ting members 3 are provided on the insulating layer 2 
which is formed on the conductive layer 1. For example, 
the particles 3 having the insulating layer 2 formed on a 
surface thereof can be provided on the conductive layer 
1 , or the particles 3 can be partially buried in the insulat- 
ing layer 2 formed on the conductive layer 1 , as in the 
first example. 

(Example 3) 

[0116] Figure 5A shows a cross-sectional view of 
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an electron emitting device in a third example according 
to the present invention. 

[0117] With the structure shown in Figure 5A, a 
conductive layer (electron transporting member) 1 is 

5 formed on a substrate 11 . A surface of the conductive 
layer 1 is roughened to have convex and concave por- 
tions. An insulating layer (electric field concentration 
region) 2 is formed along the convex and concave por- 
tions. Particles (electron emitting members) 3 adhere to 

10 the insulating layer 2 so that each of the particles 3 con- 
tact at least one of the convex portions, thus forming the 
electron emitting region 4. 

[0118] The structure shown in Figure 5A is also 
generally referred to as a diode structure. Especially in 

15 the structure shown in Figure 5A, the particles 3 forming 
the electron emitting region 4 adhere to the conductive 
layer 1 having the surface roughened with the insulating 
layer 2 interposed therebetween. Therefore, the electric 
field is more concentrated between the conductive layer 

20 1 and the particles 3 than in the structure in the first 
example in which the particles 3 and the conductive 
layer 1 are in contact with each other in a planer manner 
with the insulating layer 2 interposed therebetween. As 
a result, the effect of electric field concentration is pro- 

25 vided by the electric field concentration region 2 and 
also by the convex and concave portions. Since the 
injection of the electrons to the particles 3 is easier, 
electrons e can be emitted at a lower applied voltage. 
[01 19] A specific exemplary structure and a method 

30 for producing the same in the third example according to 
the present invention will be described below. 
[0120] First, as shown in Figure 21(a), the conduc- 
tive layer 1 having the surface roughened is formed on 
an Si substrate 1 . 

35 [0121] An exemplary technique for roughening the 
surface of the conductive layer 1 is forming the conduc- 
tive layer 1 by thermal spraying. The size of the convex 
and concave portions (surface roughness) obtained in 
this manner is controllable by adjusting the thermal 

40 spraying conditions. A surface roughness of about 1 0 
(xm can be obtained at the maximum. Since thermal 
spraying is not a vacuum process and has a feature of 
forming a film at atmospheric pressure, the cost for 
forming the conductive layer 1 can be reduced. 

45 [0122] Alternatively, it is possible to form the con- 
ductive layer 1 to have a flat surface and then roughen 
the surface by sand blasting. The sand blasting can 
form sharp projections at the surface of the conductive 

50 [0123] It is also possible to form the conductive 
layer 1 to have a flat surface and then roughen the sur- 
face by chemical etching. When, for example, wet etch- 
ing is used, convex and concave portions having a 
surface roughness of about 2 \m can be formed by 

55 spraying the surface of the conductive layer 1 with a pre- 
scribed etchant. 

[0124] Still alternatively, the convex and concave 
portions can be formed at the surface of the conductive 
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layer 1 by first roughening tine surface of the substrate 
11 and then forming the conductive layer 1 on the 
roughened surface. The surface of the substrate 1 can 
be roughened by the above-mentioned sand blasting or 
etching. 

[0125] Then, as shown in Figure 21(b), an SiOa 
layer 2 having a thickness of 500 A Is formed on the 
resultant convex and concave portions of the conductive 
layer 1. Then, as shown In Figure 21(c), diamond parti- 
cles 3 having an average particle diameter of 1 0 ^m are 
caused to adhere to the SIOj layer 2, thereby forming 
the electron emitting region 4. 

[0126] The diamond particles 3 are caused to 
adhere by, for example, mixing the diamond particles 3 
in a vehicle and performing spin-coating; immersing the 
substrate 11 in Figure 21(b) in a solution containing the 
particles 3 dispersed therein and applying ultrasonic 
vibration to the solution so that the particles 3 in the 
solution are caused to adhere to the substrate 11; or 
performing electrophoresis. By any of the techniques, 
the particles 3 can be caused to adhere to the substrate 
1 1 while being out of contact with one another by appro- 
priately setting the adhering conditions. 
[0127] By any of the above-mentioned processes 
(and structures obtained by the processes), the plurality 
of particles 3 are caused to adhere to the conductive 
layer 1 while being out of contact with one another. As a 
result, each of the particles 3 acts as an electron emit- 
ting source (emitter). Therefore, the amount of current 
(electrons) emitted from the electron emitting region 4 is 
the total amount of electrons emitted from all of the par- 
ticles 3. The resultant electron emitting element can 
provide a large amount of current. 
[0128] In this state, a counter electrode 5 was pro- 
vided 1 mm away from the substrate 11 and a voltage 
was applied to the counter electrode 5. An emission cur- 
rent of 1 |iA/cm^ or more was obtained at a voltage of 
about 2 kV. 

[0129] The practical materials and modifications of 
the conductive layer (electron transporting member) 1 , 
insulating layer (electric field concentration region) 2, 
the particles (electron emitting member) 3 and the other 
components, the resultant effects, the electron emitting 
mechanism and the like of the structure of this example 
are similar to those In the first example. 
[0130] The structure of this example Is not limited to 
the structure shown In Figure 5A In which the particles 
3 as the electron emitting members 3 are provided on 
the Insulating layer 2 which Is formed on the conductive 
layer 1 having a surface having convex and concave 
portions. For example, the particles 3 having the Insulat- 
ing layer 2 formed on a surface thereof can be provided 
on the conductive layer 1 having a surface having con- 
vex and concave portions, or the particles 3 can be par- 
tially buried in the insulating layer 2 formed on the 
conductive layer 1 having a surface having convex and 
concave portions, as in the previous examples. 
[0131] Instead of the particle type electron emitting 



members 3, a layer type (i.e., having a layer structure) 
electron emitting member 3 can be provided on the con- 
ductive layer 1 having a surface having convex and con- 
cave portions with the Insulating layer 2 Interposed 

5 therebetween. A similar effect can be provided. 

[0132] As shown In Figure 5B, the electron emitting 
layer 3 can be provided only on tops of the convex por- 
tions of the conductive layer 1 having a surface having 
convex and concave portions the Insulating layer 2 Inter- 

10 posed therebetween. This structure can provide an 
effect similar to that of the structure shown In Figure 5A. 

(Example 4) 

15 [0133] Figure 6A shows a cross-sectional view of 
an electron emitting device in a fourth example accord- 
ing to the present invention. 

[0134] With the structure shown In Figure 6A, a 
conductive layer (electron transporting member) 1 Is 
20 formed on a substrate 11. A surface of the conductive 
layer 1 Is roughened to have convex and concave por- 
tions. An Insulating layer (electric field concentration 
region) 2 Is formed along the convex and concave por- 
tions. Particles (electron emitting members) 3 adhere to 
25 the insulating layer 2 so that each of the particles 3 con- 
tact a plurality of convex portions, thus forming the elec- 
tron emitting region 4. An extraction electrode 5 having 
an opening 5a at a position corresponding to the elec- 
tron emitting region 4 is provided with a prescribed dis- 
30 tance from the electron emitting region 4. 

[0135] The structure shown In Figure 6A Is gener- 
ally referred to as a triode structure. By applying a volt- 
age to the extraction electrode 5, an electric field Is 
concentrated on a surface of the electron emitting 
35 region 4 to extract electrons e and to cause the elec- 
trons e to pass through the opening 5a. Thus, the elec- 
trons e are extracted. Although having a slightly more 
complicated structure than the structure of the diode 
system in the third example, the electron emitting device 
40 of the triode system allows a voltage applied to the 
extraction electrode 5 extracting the electrons e to be 
set independently from a voltage applied to a counter 
electrode (not shown) to cause a fluorescent body (not 
shown) to emit light. Accordingly, the extraction elec- 
45 trode 5 can be provided In the vicinity of the electron 
emitting region 4, and as a result, the electrons e can be 
extracted at a lower voltage. 

[0136] A specific exemplary structure and a method 
for producing the same In the fourth example according 
50 to the present invention will be described below. 

[0137] First, as shown in Figure 22(a), the conduc- 
tive layer 1 having the surface roughened is formed on 
an Si substrate 1 1 . 

[0138] An exemplary technique for roughening the 
55 surface of the conductive layer 1 is forming the conduc- 
tive layer 1 by thermal spraying. The size of the convex 
and concave portions (surface roughness) obtained in 
this manner is controllable by adjusting the thermal 
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spraying conditions. A surface roughness of about 1 0 
|xm can be obtained at tine maximum. Since thiermal 
spraying is not a vacuum process and lias a feature of 
forming a film at atmosplieric pressure, tine cost for 
forming tlie conductive layer 1 can be reduced. 
[0139] Alternatively it is possible to form the con- 
ductive layer 1 to have a flat surface and then roughen 
the surface by sand blasting. The sand blasting can 
form sharp projections at the surface of the conductive 
layer 1 . 

[0140] It is also possible to form the conductive 
layer 1 to have a flat surface and then roughen the sur- 
face by chemical etching. When, for example, wet etch- 
ing is used, convex and concave portions having a 
surface roughness of about 2 \m can be formed by 
spraying the surface of the conductive layer 1 with a pre- 
scribed etchant. 

[0141] Still alternatively the convex and concave 
portions can be formed at the surface of the conductive 
layer 1 by first roughening the surface of the substrate 
11 and then forming the conductive layer 1 on the 
roughened surface. The surface of the substrate 1 can 
be roughened by the above-mentioned sand blasting or 
etching. 

[0142] Then, as shown in Figure 22(b), an SiOa 
layer 2 having a thickness of 500 A is formed on the 
resultant convex and concave portions of the conductive 
layer 1. Then, as shown in Figure 22(c), diamond parti- 
cles 3 having an average particle diameter of 1 0 |xm are 
caused to adhere to the Si02 layer 2, thereby forming 
the electron emitting region 4. 

[0143] The diamond particles 3 are caused to 
adhere by, for example, mixing the diamond particles 3 
in a vehicle and performing spin-coating; immersing the 
substrate 11 in Figure 22(b) in a solution containing the 
particles 3 dispersed therein and applying ultrasonic 
vibration to the solution so that the particles 3 in the 
solution are caused to adhere to the substrate 1 1 ; or 
performing electrophoresis. By any of the techniques, 
the particles 3 can be caused to adhere to the substrate 
1 1 while being out of contact with one another by appro- 
priately setting the adhering conditions. 
[0144] By any of the above-mentioned processes 
(and structures obtained by the processes), the plurality 
of particles 3 are caused to adhere to the conductive 
layer 1 while being out of contact with one another. As a 
result, each of the particles 3 acts as an electron emit- 
ting source (emitter). Therefore, the amount of current 
(electrons) emitted from the electron emitting region 4 is 
the total amount of electrons emitted from all of the par- 
ticles 3. The resultant electron emitting element can 
provide a large amount of current. 
[0145] The extraction electrode 5 having the open- 
ing 5a is formed of a thin plate of an appropriate metal 
material in this state. Then, as shown in Figure 22(d), 
the extraction electrode 5 is located with a distance of 1 
mm from the electron emitting region 4 so that the open- 
ing 5a is located at a position corresponding to the elec- 
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tron emitting region 4. When a voltage was applied to 
the extraction electrode 5, an emission current of 1 
(xA/cm^ or more was obtained at a voltage of about 2 kV. 
[0146] The particles 3 forming the electron emitting 
5 region 4 can be caused to adhere after the extraction 
electrode 5 having the opening 5a is located at a pre- 
scribed position. It is necessary, in that case, to prevent 
the adherence of the particles 3 to the extraction elec- 
trode 5. 

10 [0147] In the structure of this example, a voltage 
can be applied to an anode electrode (not shown) inde- 
pendently from the voltage applied for extracting the 
electrons e. For example, an image display having an 
improved luminance was obtained by applying a voltage 

15 of 1 0 kV to the anode electrode. 

[0148] The structure of this example provides an 
effect similar to that of the third example by the adher- 
ence of the particles (electron emitting members) 3 
forming the electron emitting region 4 to the conductive 

20 layer (electron transporting member) 1 having the 
roughened surface, with the insulating layer (electric 
field concentration region) 2 interposed therebetween. 
The practical materials and modifications of the insulat- 
ing layer 2, the particles 3 and the other components, 

25 the resultant effects, the electron emitting mechanism 
and the like of the structure of this example are similar 
to those in the first example. 

[01 49] The structure of this example is not limited to 
the structure shown in Figure 6A in which the particles 
30 3 as the electron emitting members 3 are provided on 
the insulating layer 2 which is formed on the conductive 
layer 1 having a surface having convex and concave 
portions. For example, the particles 3 having the insulat- 
ing layer 2 formed on a surface thereof can be provided 
35 on the conductive layer 1 having a surface having con- 
vex and concave portions, or the particles 3 can be par- 
tially buried in the insulating layer 2 formed on the 
conductive layer 1 having a surface having convex and 
concave portions, as in the previous examples. 
40 [0150] In order to obtain the effect of further con- 
centrating the electric field between the conductive layer 
1 and the particles 3 with certainty, the surface rough- 
ness of the roughened surface of the conductive layer 1 
is preferably sufficiently smaller than the diameter of the 
45 particles 3. 

[0151] Instead of the particle type electron emitting 
members 3, a layer type (i.e., having a layer structure) 
electron emitting member 3 can be provided on the con- 
ductive layer 1 having a surface having convex and con- 
so cave portions, with the insulating layer 2 interposed 
therebetween. A similar effect can be provided. 
[0152] As shown in Figure 68, the electron emitting 
layer 3 can be provided only on tops of the convex por- 
tions of the conductive layer 1 having a surface having 
55 convex and concave portions with the insulating layer 2 
interposed therebetween. This structure can provide an 
effect similar to that of the structure shown in Figure 6A. 
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(Example 5) 

[0153] Figure 7 shows a cross-sectional view of an 
electron emitting device in a fifth example according to 

the present invention. 

[0154] The structure shown in Figure 7 includes a 
circuit 6 for causing a prescribed amount of current to 
flow in the conductive layer 1 in addition to the structure 
shown in Figure 1A. By causing a part of the current 
(electrons) flowing in the conductive layer 1 to be emit- 
ted from the electron emitting region 4 by the circuit 6, a 
larger amount of current can be emitted than the 
amount emitted by the structure shown in Figure 1A. 
The structure shown in Figure 7 is identical with that 
shown in Figure 1 A in the rest of the structure. Elements 
corresponding to those in the structure shown in Figure 
1A bear identical reference numerals and the descrip- 
tions thereof will be omitted. 

[0155] A specific exemplary structure and a method 
for producing the same in the fifth example according to 
the present invention will be described below. 
[0156] First, as shown in Figure 23(a), a conductive 
layer 1 is formed on a surface of an Si substrate 11. 
Next, as shown in Figure 23(b), an Si02 layer 2 having 
a thickness of 500 A is formed on the conductive layer 
1 , and the circuit 6 for causing a prescribed amount of 
current to flow in the conductive layer 1 is formed. Spe- 
cifically, a circuit element having an appropriate value of 
resistance (not shown) or the like is used to connect the 
circuit 6 for causing a current of about 1 mA to flow in 
the conductive layer 1 at a voltage of 1.5 V. Then, as 
shown in Figure 23(c), diamond particles 3 having an 
average particle diameter of 10 [im are caused to 
adhere to the SiOj layer 2, thereby forming the electron 
emitting region 4. The diamond particles 3 are caused 
to adhere by any of the techniques described in relation- 
ship with the first example, for example, by mixing the 
diamond particles 3 in a vehicle and performing spin- 
coating. The particles 3 can be caused to adhere to the 
substrate 11 while being out of contact with one another 
by appropriately setting the adhering conditions. 
[01 57] In this state, a counter electrode (not shown) 
was provided 1 mm away from the Si substrate 11 and 
a voltage was applied to the counter electrode. An emis- 
sion current of 2 |.iA/cm^ or more was obtained at a volt- 
age of about 3 kV. 

[0158] The structure of this example provides an 
effect similar to that of the first example by the adher- 
ence of the particles (electron emitting members) 3 
forming the electron emitting region 4 to the conductive 
layer (electron transporting member) 1 with the insulat- 
ing layer (electric field concentration region) 2 inter- 
posed therebetween. The practical materials and 
modifications of the insulating layer 2, the particles 3 
and the other components, the resultant effects, the 
electron emitting mechanism and the like of the struc- 
ture of this example are similar to those in the previous 
examples. 



[01 59] The structure of this example is not limited to 
the structure shown in Figure 7 in which the particles 3 
as the electron emitting members 3 are provided on the 
insulating layer 2 which is formed on the conductive 
5 layer 1 . For example, the particles 3 having the insulat- 
ing layer 2 formed on a surface thereof can be provided 
on the conductive layer 1 , or the particles 3 can be par- 
tially buried in the insulating layer 2 formed on the con- 
ductive layer 1 , as in the previous examples. 

w 

(Example 6) 

[0160] Figure 8 shows a cross-sectional view of an 
electron emitting device in a sixth example according to 

15 the present invention. 

[0161] The structure shown in Figure 8 includes a 
circuit 6 for causing a prescribed amount of current to 
flow in the conductive layer 1 in addition to the structure 
shown in Figure 4. By causing a part of the current 

20 (electrons) flowing in the conductive layer 1 to be emit- 
ted from the electron emitting region 4 by the circuit 6, a 
larger amount of current can be emitted than the 
amount emitted by the structure shown in Figure 4. The 
structure shown in Figure 8 is identical with that shown 

25 in Figure 4 in the rest of the structure. Elements corre- 
sponding to those in the structure shown in Figure 4 
bear identical reference numerals and the descriptions 
thereof will be omitted. 

[01 62] A specific exemplary structure and a method 

30 for producing the same in the sixth example according 
to the present invention will be described below. 
[0163] First, as shown in Figure 24(a), a conductive 
layer 1 is formed on a surface of an Si substrate 11. 
Next, as shown in Figure 24(b), an SiOj layer 2 having 

35 a thickness of 500 A is formed on the conductive layer 
1, and the circuit 6 for causing a prescribed amount of 
current to flow in the conductive layer 1 is formed. Spe- 
cifically, a circuit element having an appropriate value of 
resistance (not shown) or the like is used to connect the 

40 circuit 6 for causing a current of about 1 mA to flow in 
the conductive layer 1 at a voltage of 1 .5 V. Then, as 
shown in Figure 24(c), diamond particles 3 having an 
average particle diameter of 10 \m are caused to 
adhere to the Si02 layer 2, thereby forming the electron 

45 emitting region 4. The diamond particles 3 are caused 
to adhere by any of the techniques described in relation- 
ship with the previous examples, for example, by mixing 
the diamond particles 3 in a vehicle and performing 
spin-coating. The particles 3 can be caused to adhere 

50 to the substrate 1 1 while being out of contact with one 
another by appropriately setting the adhering condi- 
tions. 

[0164] The extraction electrode 5 having the open- 
ing 5a is formed of a thin plate of an appropriate metal 
55 material in this state. Then, as shown in Figure 24(d), 
the extraction electrode 5 is located with a distance of 1 
mm from the electron emitting region 4 so that the open- 
ing 5a is located at a position corresponding to the elec- 
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tron emitting region 4. When a voltage was applied to 
the extraction electrode 5, an emission current of 1 
(iA/cm^ or more was obtained at a voltage of about 2 kV. 
[0165] The particles 3 forming the electron emitting 
region 4 can be caused to adhere after the extraction 
electrode 5 having the opening 5a is located at a pre- 
scribed position. It is necessary, in that case, to prevent 
the adherence of the particles 3 to the extraction elec- 
trode 5. 

[0166] In the structure of this example, a voltage 
can be applied to an anode electrode (not shown) inde- 
pendently from the voltage applied for extracting the 
electrons e. For example, an image display having an 
improved luminance was obtained by applying a voltage 
of 1 0 kV to the anode electrode. 
[0167] The structure of this example provides an 
effect similar to that of the second example by the 
adherence of the particles (electron emitting members) 
3 forming the electron emitting region 4 to the conduc- 
tive layer (electron transporting member) 1 with the 
insulating layer (electric field concentration region) 2 
interposed therebetween. The practical materials and 
modifications of the insulating layer 2, the particles 3 
and the other components, the resultant effects, the 
electron emitting mechanism and the like of the struc- 
ture of this example are similar to those in the previous 
examples. 

[01 68] The structure of this example is not limited to 
the structure shown in Figure 8 in which the particles 3 
as the electron emitting members 3 are provided on the 
insulating layer 2 which is formed on the conductive 
layer 1 . For example, the particles 3 having the insulat- 
ing layer 2 formed on a surface thereof can be provided 
on the conductive layer 1 , or the particles 3 can be par- 
tially buried in the insulating layer 2 formed on the con- 
ductive layer 1 , as in the previous examples. 

(Example 7) 

[01 69] Figure 9 shows a cross-sectional view of an 
electron emitting device in a seventh example according 
to the present invention. 

[0170] The structure shown in Figure 9 includes a 

circuit 6 for causing a prescribed amount of current to 
flow in the conductive layer 1 in addition to the structure 
shown in Figure 5A. By causing a part of the current 
(electrons) flowing in the conductive layer 1 to be emit- 
ted from the electron emitting region 4 by the circuit 6, a 
larger amount of current can be emitted than the 
amount emitted by the structure shown in Figure 5A. 
The structure shown in Figure 9 is identical with that 
shown in Figure 5A in the rest of the structure. Elements 
corresponding to those in the structure shown in Figure 
5A bear identical reference numerals and the descrip- 
tions thereof will be omitted. 

[01 71 ] A specific exemplary structure and a method 
for producing the same in the seventh example accord- 
ing to the present invention will be described below. 
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[0172] First, as shown in Figure 25(a), a conductive 
layer 1 having a surface roughened is formed on a sur- 
face of an Si substrate 11 using any of the techniques 
described in relationship with the previous examples. 

5 Next, as shown in Figure 25(b), an SiOj layer 2 having 
a thickness of 500 A is formed on the conductive layer 1 
having a roughened surface, and the circuit 6 for caus- 
ing a prescribed amount of current to flow in the conduc- 
tive layer 1 is formed. Specifically, a circuit element 

/o having an appropriate value of resistance (not shown) 
or the like is used to connect the circuit 6 for causing a 
current of about 1 mA to flow in the conductive layer 1 at 
a voltage of 1 .5 V. Then, as shown in Figure 25(c), dia- 
mond particles 3 having an average particle diameter of 

15 1 0 (im are caused to adhere to the SiOj layer 2, thereby 
forming the electron emitting region 4. The diamond 
particles 3 are caused to adhere by any of the tech- 
niques described in relationship with the previous exam- 
ples, for example, by mixing the diamond particles 3 in 

20 a vehicle and performing spin-coating. The particles 3 
can be caused to the substrate 11 while being out of 
contact with one another by appropriately setting the 
adhering conditions. 

[01 73] In this state, a counter electrode (not shown) 
25 was provided 1 mm away from the Si substrate 11 and 
a voltage was applied to the counter electrode. An emis- 
sion current of 2 (Wcm^ or more was obtained at a volt- 
age of about 2 kV. 

[0174] The structure of this example provides an 
30 effect similar to that of the third example by the adher- 
ence of the particles (electron emitting members) 3 
forming the electron emitting region 4 to the conductive 
layer (electron transporting member) 1 having a surface 
having convex and concave portions, with the insulating 
35 layer (electric field concentration region) 2 interposed 
therebetween. The practical materials and modifica- 
tions of the insulating layer 2, the particles 3 and the 
other components, the resultant effects, the electron 
emitting mechanism and the like of the structure of this 
40 example are similar to those in the previous examples. 
[0175] The structure of this example is not limited to 
the structure shown in Figure 9 in which the particles 3 
as the electron emitting members 3 are provided on the 
insulating layer 2 which is formed on the conductive 
45 layer 1 having a surface having convex and concave 
portions. For example, the particles 3 having the insulat- 
ing layer 2 formed on a surface thereof can be provided 
on the conductive layer 1 having a surface having con- 
vex and concave portions, or the particles 3 can be par- 
se tially buried in the insulating layer 2 formed on the 
conductive layer 1 having a surface having convex and 
concave portions, as in the third example. 
[0176] The structure shown in Figure 8 can be mod- 
ified in a manner similar to that described in relationship 
55 with the third example, needless to say. For example, 
the circuit 6 described above can be connected to the 
structure described with reference to Figure 5B. 
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(Example 8) 

[0177] Figure 10 shows a cross-sectional view of an 
electron emitting device in an eighth example according 
to the present invention. 

[0178] The structure shown in Figure 10 includes a 
circuit 6 for causing a prescribed amount of current to 
flow in the conductive layer 1 in addition to the structure 
shown in Figure 6A. By causing a part of the current 
(electrons) flowing in the conductive layer 1 to be emit- 
ted from the electron emitting region 4 by the circuit 6, a 
larger amount of current can be emitted than the 
amount emitted by the structure shown in Figure 6A. 
The structure shown in Figure 10 is identical with that 
shown in Figure 6A in the rest of the structure. Elements 
corresponding to those in the structure shown in Figure 
6A bear identical reference numerals and the descrip- 
tions thereof will be omitted. 

[0179] A specific exemplary structure and a method 
for producing the same in the eighth example according 
to the present invention will be described below. 
[0180] First, as shown in Figure 26(a), a conductive 
layer 1 having a surface roughened is formed on a sur- 
face of an Si substrate 1 1 using any of the techniques 
described in relationship with the previous examples. 
Next, as shown in Figure 26(b), an Si02 layer 2 having 
a thickness of 500 A is formed on the conductive layer 
1 , and the circuit 6 for causing a prescribed amount of 
current to flow in the conductive layer 1 is formed. Spe- 
cifically, a circuit element having an appropriate value of 
resistance (not shown) or the like is used to connect the 
circuit 6 for causing a current of about 1 mA to flow in 
the conductive layer 1 at a voltage of 1.5 V. Then, as 
shown in Figure 26(c), diamond particles 3 having an 
average particle diameter of 10 |xm are caused to 
adhere to the Si02 layer 2, thereby forming the electron 
emitting region 4. The diamond particles 3 are caused 
to adhere by any of the techniques described in relation- 
ship with the previous examples, for example, by mixing 
the diamond particles 3 in a vehicle and performing 
spin-coating. The particles 3 can be caused to adhere 
to the substrate 1 1 while being out of contact with one 
another by appropriately setting the adhering condi- 
tions. 

[0181] The extraction electrode 5 having the open- 
ing 5a is formed of a thin plate of an appropriate metal 
material in this state. Then, as shown in Figure 26(d), 
the extraction electrode 5 is located with a distance of 1 
mm from the electron emitting region 4 so that the open- 
ing 5a is located at a position corresponding to the elec- 
tron emitting region 4. When a voltage was applied to 
the extraction electrode 5, an emission current of 1 
|xA/cm^ or more was obtained at a voltage of about 2 kV. 
[0182] In the structure of this example, a voltage 
can be applied to an anode electrode (not shown) inde- 
pendently from the voltage applied for extracting the 
electrons e. For example, an image display having an 
improved luminance was obtained by applying a voltage 



of 1 0 kV to the anode electrode. 
[0183] The structure of this example provides an 
effect similar to that of the fourth example by the adher- 
ence of the particles (electron emitting members) 3 

5 forming the electron emitting region 4 to the conductive 
layer (electron transporting member) 1 having a surface 
roughened to have convex and concave portions, with 
the insulating layer (electric field concentration region) 2 
interposed therebetween. The practical materials and 

10 modifications of the insulating layer 2, the particles 3 
and the other components, the resultant effects, the 
electron emitting mechanism and the like of the struc- 
ture of this example are similar to those in the previous 
examples. 

15 [01 84] The structure of this example is not limited to 
the structure shown in Figure 10 in which the particles 3 
as the electron emitting members 3 are provided on the 
insulating layer 2 which is formed on the conductive 
layer 1 having a surface having convex and concave 

20 portions. For example, the particles 3 having the insulat- 
ing layer 2 formed on a surface thereof can be provided 
on the conductive layer 1 having a surface having con- 
vex and concave portions, or the particles 3 can be par- 
tially buried in the insulating layer 2 formed on the 

25 conductive layer 1 having a surface having convex and 
concave portions, as in the fourth example. 
[0185] The structure shown in Figure 10 can be 
modified in a manner similar to that described in rela- 
tionship with the fourth example, needless to say. For 

30 example, the circuit 6 described above can be con- 
nected to the structure described with reference to Fig- 
ure 6B. 

(Example 9) 

35 

[0186] An electron emitting device in a ninth exam- 
ple according to the present invention will be described. 
[0187] In the structure shown in Figure 11, an elec- 
tron transporting member 102 and an electron emitting 
40 member 103 having a conductivity are formed on an 
electron injection electrode 101. A counter electrode 
104 is provided, to which a voltage for forming an elec- 
tric field for causing electron emission from the electron 
emitting member 103 through, for example, a vacuum 
45 gap is, to be applied. In order to form an electric field for 
extracting electrons from a surface of the electron emit- 
ting member 103, for example, the electron injection 
electrode 101 is grounded and a positive voltage is 
applied to the counter electrode 104 using a power sup- 
so ply 105. Then, an AC power supply having one end 
thereof grounded (power supply having a voltage 
changing time-wise) 106 is connected to the electron 
emitting member 103 through a capacitor 107. Thus, an 
AC voltage is applied to the electron emitting member 
55 103 using the capacitor 107 and another capacitor as 
loads. The another capacitor includes the electron injec- 
tion electrode 101, the conductive electron emitting 
member 103, and the insulating electron transporting 
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member 102 interposed therebetween. By the voltage 
application, charges are accumulated or reduced in 
each of the capacitors in correspondence with a voltage 
which changes sufficiently slowly. 
[0188] At the moment when a voltage having a 
polarity which causes positive charges to be accumu- 
lated in an electrode of the capacitor 1 07 which is closer 
to the AC power supply 106 is applied, negative charges 
are accumulated in the other electrode of the capacitor 
107, positive charges are accumulated in the electron 
emitting member 103, and negative charges are accu- 
mulated at an interface between the electron injection 
electrode 101 and the electron transporting member 

102. When an electric field applied to the electron trans- 
porting member 102 becomes sufficiently strong, the 
electrons accumulated at the interface between the 
electron injection electrode 101 and the electron trans- 
porting member 102 are tunnel-injected to the electron 
transporting member 102 and then transported by the 
electric field, thus reaching the conductive electron 
emitting member 103. The electron emitting member 

103, which is insulated by the capacitor 107 in a DC 
manner and by the insulating electron transporting 
member 102, is charged negative. A voltage applied by 
this charging is superimposed on the voltage applied by 
the counter electrode 104, and an electric field applied 
to the electron emitting region 103 by these voltages 
emits electrons from the electron emitting region 103 to 
a vacuum area. 

[0189] Figure 12 shows an exemplary modification 
of the structure shown in Figure 11. Corresponding ele- 
ments to those in Figure 11 bear identical reference 
numerals. 

[0190] As shown in Figure 12, the conductive emit- 
ting member 103 is insulated from the electron injection 
electrode 101 in a DC manner by for example, the 
capacitor 107. In this state, the AC power supply 106 
and a DC power supply 108 which is negative on the 
side closer to the electron injection electrode 101 and is 
positive on the side closer to the electron emitting mem- 
ber 103 are connected in series. Voltages of the AC 
power supply 106 and the DC power supply 108 are 
applied in the state of being superimposed. This 
increases the amount of positive charges accumulated 
in the electron emitting member 103 and also increases 
the amount of negative charges accumulated in the 
interface between the electron injection electrode 101 
and the electron transporting member 102. In this case, 
the electrons are injected into the electron emitting 
member 103 more efficiently by the above-described 
mechanism, which is preferable. 
[01 91 ] For the above-described principle of electron 
emission in this example, it is important that the electron 
emitting member 103 should be insulated from the elec- 
tron injection electrode 101 in a DC manner and thus be 
in an electrically floating state. Such a state of insulation 
can be achieved by causing the electron transporting 
member 102 to include an electrically insulated portion 
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or a highly resistive portion when the electron transport- 
ing member 102 is supplied with a sufficiently weak DC 
electric field. Due to the structure having such a state of 
insulation, efficient electron emission in accordance 

5 with the principle of this example occurs. 

[0192] A preferable state of insulation in the struc- 
ture shown in Figures 11 or 12 is as follows: when the 
electron transporting member 102 between the electron 
injection electrode 101 and the electron emitting mem- 

10 ber 1 03 is supplied with a sufficiently weak electric field 
so that the electric field strength of a portion of the elec- 
tron transporting member 102 in which the electric field 
is most concentrated has a strength of 1 mV/|xm or less, 
the electric resistance of the electron transporting mem- 

15 ber 102 is 1 kQcm or more. In such a state, the above- 
described DC floating state is realized. 
[0193] In the structures shown in Figures 11 and 
12, even when the capacitor 107, the AC power supply 
106 and the DC power supply 108 are not connected to 

20 the electron emitting member 103, electrons are 
injected from the electron injection electrode 101 as 
long as the electron emitting member 103 is in an elec- 
trically floating state. When the electron emitting mem- 
ber 103 is in an electrically floating state, a voltage is 

25 induced, by a DC voltage applied to the counter elec- 
trode 104, between the electron emitting member 103 
and the electron injection electrode 101 , between which 
interposed the insulating electron transporting member 

102, and thus the electrons are injected from the elec- 
30 tron injection electrode 101. In this case, it is another 

important feature that the potential of the electron emit- 
ting member 103 changes time-wise. 
[0194] Specifically, when the positive potential of 
the electron emitting member 103 becomes high, the 
35 electrons are injected from the electron injection elec- 
trode 101 to the electron transporting member 102. 
When the electrons reach the electron emitting member 

103, the positive potential of the electron emitting mem- 
ber 103 rapidly changes to a negative potential. Such a 

40 change in the potential promotes the electron emission 
from the electron emitting member 103 to a vacuum 
area. Thus, in the electron emitting device in this exam- 
ple, the time-wise change in the potential of the electron 
emitting member 103 is induced, which promotes the 
45 electron emission. 

[0195] The time-wise change in the potential of the 
electron emitting member 103 can be caused by apply- 
ing a prescribed voltage or can be automatically 
induced. For example, as long as a prescribed time- 
so wise change in the potential is caused in the electron 
emitting member 103, a similar effect can be provided 
even when the capacitor, the AC power supply and the 
DC power supply are not connected to the electron 
emitting member 103 as shown in Figure 13. 
55 [0196] Alternatively, even when the counter elec- 
trode 104 is not provided and thus there is no electric 
field generated by a DC voltage applied to the counter 
electrode 104, the electrons are injected from the elec- 
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tron injection electrode 101 as long as a voltage is 
applied between the electron emitting member 103 and 
the electron injection electrode 101, between which 
interposed the insulating electron transporting member 
102. In this case, when the electron emitting member 

103 is formed of a material having a negative electron 
affinity, the electrons are easily emitted from the elec- 
tron emitting member 103 to a vacuum area, and thus 
the electron emitting device performs the prescribed 
function. As can be appreciated, the counter electrode 

104 is not absolutely necessary for electron emission. 
Even without the counter electrode 104, electron emis- 
sion to a vacuum area can be caused. The emitted elec- 
trons migrate in the vacuum area even at a very weak 
electric field. 

[0197] With reference to Figure 1 1 again, a specific 
structure of the electron emitting device in the ninth 
example according to the present invention will be 
described. 

[0198] The structure shown in Figure 11 is obtained 
as follows. First, a molybdenum (Mo) substrate having a 
function of the electron injection electrode 101 is 
immersed in a solution containing diamond particles 
dispersed therein, the diamond particles having an 
average particle diameter of 0.02 \m. In this state, ultra- 
sonic vibration is applied to the solution, thereby form- 
ing a high density growth nucleus for diamond growth 
on a surface of the substrate. The solution containing 
the diamond particles dispersed therein is a liquid hav- 
ing a pH of about 3 which is obtained by putting 2 g dia- 
mond particles into 1 liter of pure water, next adding 2 
liters of ethanol thereto, and then adding several drops 
of hydrofluoric acid thereto. The ultrasonic vibration is 
applied for 1 0 minutes. The density of the resultant dia- 
mond growth nucleus formed on the surface of the sub- 
strate is about 5 X 10^°/cm'^. 

[0199] The substrate having the diamond growth 
nucleus formed thereon is then put in a microwave CVD 
apparatus. CO gas diluted with hydrogen (1 to 1 0%) is 
supplied to the apparatus, and a diamond thin film is 
formed at a power of several hundred watts and at a 
vacuum of 25 to 40 Torr. The substrate temperature is 
800 to 900°C. By performing CVD growth for about sev- 
eral minutes, a diamond thin film having a thickness of 
0.2 |xm is formed. 

[0200] When diamond is not doped with anything in 
the CVD growth process, a diamond thin film which is 
almost completely insulating is formed. The insulating 
diamond thin film acts as the electron transporting 
member 102. As deposited, a surface of the diamond 
thin film is hydrogenized and has a conductive layer in a 
surface area thereof. The conductive layer in the surface 
area of the diamond thin film acts as the conductive 
electron emitting member 103. 

[0201] On a part of the conductive layer of the dia- 
mond thin film formed in this manner, a Ti electrode is 
formed by electron beam deposition using a metal mask 
having a prescribed pattern. On the Ti electrode, Au is 
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deposited. A lead is formed to extend from the Au elec- 
trode by Au wire bonding. A lead is also formed to 
extend from the electron injection electrode 101 as the 
Mo substrate in a similar manner. 

5 [0202] The electron emitting device utilizing the dia- 
mond thin film thus formed is put in a vacuum apparatus 
having a vacuum maintained at 1 0"'' Torr or less, and 
the counter electrode 104 is provided 1 mm away from 
the electron emitting device. 

10 [0203] The lead drawn out from the electron injec- 
tion electrode 101 as the Mo substrate is grounded, and 
the lead drawn out from the electron emitting member 
103 as the conductive layer in the surface area of the 
diamond thin film is connected to the capacitor 107. A 

15 lead connected to the other electrode of the capacitor 
107 is connected to the AC power supply 106, and the 
other end of the AC power supply 106 is grounded. 
[0204] With the structure shown in Figure 11 
obtained in this manner, an AC electric field of 10 V/60 

20 Hz was applied to the electron emitting member 103 
through the capacitor 107, and a DC voltage of 3 kV 
was applied between the ground and the counter elec- 
trode 104. It was confirmed that electron emission 
occurs at a current density of 1 (xA/cm^ or more. 

25 [0205] With the structure shown in Figure 12 includ- 
ing the DC power supply 108, a DC voltage of 2.5 kV 
was applied between the ground and the counter elec- 
trode 104 under conditions similar to those described 
regarding the structure in Figure 1 1 , with the DC voltage 

30 applied by the DC power supply 108 being 10 V. It was 
confirmed that electron emission occurs at a current 
density of 1 |.iA/cm^ or more. 

[0206] With the structure shown in Figure 13 
excluding the capacitor, the AC power supply and the 
35 DC power supply, a DC voltage of 7 kV was applied 
between the ground and the counter electrode 104. It 
was confirmed that electron emission occurs at a cur- 
rent density of 1 |xA/cm^ or more. 

40 (Example 1 0) 

[0207] Figure 14 shows a structure of an electron 
emitting device in a tenth example according to the 
present invention. 
45 [0208] In the case where an electron emitting mem- 
ber 103 having a conductivity is formed of a material 
109 containing particles (hereinafter, referred to simply 
as "particles 109"; for example, carbon particles), an 
electric field tends to concentrate at tips 110 of the par- 
se tides 109. Thus, electrons are easily emitted from the 
tips 110. When the conductive electron emitting mem- 
ber 103 contains graphite particles, the electrons are 
easily emitted from an edge of the sp2 plane of the c 
plane of the graphite, which is preferable. 
55 [0209] When the particles 109 forming the conduc- 
tive electron emitting member 103 are wide bandgap 
semiconductor particles having a bandgap of at least 
3.5 eV, the electron affinity, which is usually several eV, 
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has a small positive value or a negative value. By such 
a value of electron affinity, the electrons injected into the 
conduction band are emitted to a vacuum area at a 
small activation energy. It is preferable that the conduc- 
tive electron emitting member 103 is formed of particles 
of a material having a negative electron affinity (for 
example, diamond) since the electrons are easily emit- 
ted to a vacuum area. It is also preferable that the con- 
ductive electron emitting member 103 contains a 
compound of nitrogen and at least one element of Ga, 
Al, In and B since, in this case, the electron emitting 
member 1 03 shows a negative or small positive electron 
affinity and thus electron emission easily occurs. 
[021 0] It is preferable that each of the particles 1 09 
forming the electron emitting member 103 is larger than 
a cube having a side of 1 nm and can be accommo- 
dated in a cube having a side of 1 mm. When the parti- 
cles 109 are each smaller than a cube having a side of 
1 nm, the particles 109 are too small to maintain the 
crystalline structure and thus the structure becomes 
unstable. Therefore, it is difficult to maintain stable elec- 
tron emission. When the particles 109 are each larger 
than a cube having a side of 1 mm, the areas to which 
the electrons are emitted are limited, and the density of 
such areas is lowered. This is not preferable as the elec- 
tron emitting device. 

[021 1 ] A specific example of the structure shown in 
Figure 14 will be described. 

[0212] First, diamond particles having a particle 
diameter of 1 |im are treated in a hydrogen atmosphere 

at 600°C for an hour to form a hydride on a surface 
thereof, thereby forming a conductive surface layer hav- 
ing a negative electron affinity. The diamond particles 
are treated in the air at 900°C for 5 minutes to form an 
oxide layer on the surface thereof. Then, the resultant 
diamond particles are pressed onto an Ni electrode and 
dispersed. The Ni electrode acts as the electron injec- 
tion electrode 101 , and the oxide layer on the surface of 
the Ni electrode acts as the insulating electron trans- 
porting member 102, and the hydrogenized surface of 
the diamond particles acts as the electron emitting 
member 103. Thus, the electron emitting device shown 
in Figure 14 is obtained. 

[0213] The electron emitting device utilizing the dia- 
mond thin film thus formed is put in a vacuum apparatus 
having a vacuum maintained at 1 0''' Torr or less, and a 
counter electrode 104 is provided 1 mm away from the 
electron emitting device. 

[0214] A lead was drawn out from the electron injec- 
tion electrode 101 as the Ni substrate and was 
grounded, and a DC voltage of 7 kV was applied 
between the ground and the counter electrode 104. It 
was confirmed that electron emission occurs at a cur- 
rent density of 1 (xA/cm^ or more. 
[0215] When the ratio of the conductive surface 
area of the diamond particles obtained as a result of 
hydrogenation with respect to the total surface area of 
the diamond particles is increased and then the conduc- 
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five surfaces of the diamond particles are connected to 
one another, an aggregation of the diamond particles 
existing in the electron emitting member 103 entirely 
exhibits a conductivity. When, as shown in Figure 17, a 

5 lead is drawn out from the electron emitting member 
103 and the capacitor 107, the AC power supply 106 
and the DC power supply 108 are connected to the lead 
in series, highly efficient electron emission occurs, as 
described in the ninth example with reference to Figure 

10 12. 

(Example 11) 

[0216] Figure 15 shows a structure of an electron 
15 emitting device in an eleventh example according to the 
present invention. 

[0217] As shown in Figure 15, the electron trans- 
porting member 102 is formed of wide bandgap semi- 
conductor particles having a bandgap of 3.5 eV or more, 

20 and the conductive electron emitting member 103 is 
formed on the surface of the particles. In this structure, 
electrons are efficiently injected to the conduction band 
of the semiconductor particles of the electron transport- 
ing member 102 from the electron injection electrode 

25 101. The electrons injected into the conduction band 
are transported to the electron emitting member 103 
and then easily emitted to a vacuum area from the sur- 
face of the wide bandgap semiconductor material form- 
ing the electron transporting member 102 having an 

30 electron affinity of a small positive value or a negative 
value. It is preferable that the wide bandgap semicon- 
ductor particles having a bandgap of 3.5 eV or more 
forming the electron transporting member 102 include a 
compound of nitrogen and at least one element of Ga, 

35 Al, In and B, since the electron transporting member 
102 shows an electron affinity of a negative value or a 
small positive value, and thus electron emission easily 
occurs. 

[0218] Even when the electron transporting mem- 

40 ber 1 02 is formed of a thin film of a wide bandgap sem- 
iconductor material having a bandgap of 3.5 eV or more 
and the conductive electron emitting member 103 is 
formed on a surface of the thin film, a similar effect is 
provided. The electron emitting member 103 can also 

45 be formed of a wide bandgap semiconductor material 
as well as the electron transporting member 102. 
[0219] It is preferable that the electron transporting 
member 102 (and the electron emitting member 103) is 
formed of a diamond thin film formed by a vapor phase 

50 growth technique, since the negative electron affinity of 
the diamond can be effectively utilized. The diamond 
thin film forming the electron transporting member 102 
(and the electron emitting member 103) preferably has 
a thickness of 1 nm or more and 1 0 |xm or less. When 

55 the thickness of the diamond thin film is less than 1 nm, 
it is difficult to maintain the electron transporting mem- 
ber 102 as an insulator. When the thickness of the dia- 
mond thin film is more than 10 |xm, the electric field 
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induced in the electron transporting member 102 by the 
voltage applied between the electron injection electrode 
101 end the electron emitting member 103 is too weak 
to easily inject the electrons from the electron injection 
electrode 101 by tunneling. 

[0220] It is preferable that a conductive layer in a 
surface area of hydrogenized diamond particles or a 
hydrogenized diamond thin film acts as the electron 
emitting member 103. Since the electron emitting region 
103 having a negative electron affinity is automatically 
formed on a surface of the hydrogenized diamond parti- 
cles or thin film acting as the electron transporting mem- 
ber 102, the electron emitting device in this example is 
easily produced. 

[0221 ] A specific example of the structure shown in 
Figure 15 will be described. 

[0222] First, diamond particles having a particle 
diameter of 1 |im are kneaded into a polymeric adhe- 
sive, and the resultant substance is applied to a surface 
of the tungsten (W) electrode substrate. Next, the sub- 
strate is put in a microwave CVD apparatus. CO gas 
diluted with hydrogen (1 to 1 0%) is supplied to the appa- 
ratus, and a diamond thin film is formed at a power of 
several hundred watts and at a vacuum of 25 to 40 Torr. 
The substrate temperature is 800 to 900°C. By perform- 
ing CVD growth for about several minutes, a diamond 
thin film having a thickness of 0.2 |im is formed. During 
the formation, the polymeric adhesive is removed from 
the surface by etching with hydrogen plasma. The dia- 
mond particles form a surface made up of the diamond 
particles which become exposed as the result of the 
etching. Accordingly when the adhesive component is 
entirely etched away only the tip portions of the dia- 
mond particles closer to the vacuum area become con- 
ductive as a result of sufficient hydrogenation and 
sufficient diamond growth. In the interface between the 
diamond particles and the W electrode and the vicinity 
thereof, where the hydrogenation and diamond growth 
is insufficient, is insulating. 

[0223] The W electrode acts as the electron injec- 
tion electrode 101. The insulating portions of the dia- 
mond particles closer to the W electrode in which 
hydrogenation and diamond growth are not sufficient 
act as the electron transporting member 102, and the 
conductive tip portions of the diamond particles closer 
to the vacuum area act as the electron emitting member 
103. Thus, the electron emitting device in this example 
is provided. 

[0224] The electron emitting device utilizing the dia- 
mond particles thus formed is put in a vacuum appara- 
tus having a vacuum maintained at 1 0"^ Torr or less, and 
a counter electrode 104 is provided 1 mm away from the 
electron emitting device. 

[0225] A lead was drawn out from the electron injec- 
tion electrode 101 as the W substrate and was 
grounded, and a DC voltage of 7 kV was applied 
between the ground and the counter electrode 104. It 
was confirmed that electron emission occurs at a cur- 
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rent density of 1 nA/cm^ or more. 
[0226] When the density of the diamond particles 
having a conductive surface as a result of hydrogena- 
tion is increased and then the conductive surfaces of the 

5 diamond particles are connected to one another, an 
aggregation of the diamond particles existing in the 
electron emitting member 103 entirely exhibits a con- 
ductivity. When, as shown in Figure 18, a lead is drawn 
out from the electron emitting member 103 and the 

10 capacitor 107, the AC power supply 106 and the DC 
power supply 108 are connected to the lead in series, 
highly efficient electron emission occurs, as described 
in the ninth example with reference to Figure 12. 

15 (Example 1 2) 

[0227] Figure 16 shows a structure of an electron 
emitting device in a twelfth example according to the 
present invention. 

20 [0228] The structure of the electron emitting device 
in this example is a preferable modification of the struc- 
tures described in the previous examples. Specifically 
as shown in Figure 16, an electron transporting member 
102 is formed of diamond particles 109. A conductive 

25 electron emitting member 103 is formed of a diamond- 
containing carbon-based thin film or fine particles 111 
formed on at least a part of a surface of the diamond 
particles 109 forming the electron transporting member 
102. In this structure, it is preferable that the diamond 

30 particles 109 forming the electron transporting member 
102 are sufficiently large with respect to the diamond- 
containing carbon-based thin film or fine particles 111 
forming the electron emitting member 103, since elec- 
tric field concentration effectively acts on the electron 

35 emitting member 103 having a fine surface structure 
and thus efficient electron emission occurs. Specifically 
a preferable effect is provided when the diamond parti- 
cles 109 forming the electron transporting member 102 
each have a diameter of about 0.1 \im to about 1 ^m 

40 and the thin film or fine particles 111 forming the elec- 
tron emitting member 103 each have a diameter (thick- 
ness) of about 0.01 \im to about 0.1 \m. 
[0229] The thin film or fine particles 111 forming the 
electron emitting member 103 can be formed on a part 

45 of the surface of the diamond particles 109 forming the 
electron transporting member 102 and do not need to 
cover the entire surface. 

[0230] It is preferable that the electron injection 
electrode 101 and the electron transporting member 

50 102 are in ohmic contact with each other, since the elec- 
trons are efficiently injected from the electron injection 
electrode 101 in that case. It provides a preferable effect 
to form a thin insulating layer having a thickness of 
about 500 nm or less in the electron transporting mem- 

55 ber 102, since the electric field is applied to the insulat- 
ing layer in a concentrated manner and the electrons 
are efficiently injected as described above in the first 
example and the like. 
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[0231 ] A specific example of tine structure shown in 
Figure 16 will be described. 

[0232] First, diamond particles having a particle 
diameter of 1 \im are kneaded into water, and the result- 
ant substance is applied to a surface of the tungsten 
(W) electrode substrate. Next, the substrate is put in a 
microwave CVD apparatus. CO gas diluted with hydro- 
gen (1 to 1 0%) is supplied to the apparatus, and a dia- 
mond thin film is formed at a power of several hundred 
watts and at a vacuum of 25 to 40 Torr. The substrate 
temperature is 800 to 900°C. By performing CVD 
growth for about several minutes, diamond particles 111 
having a particle diameter of 0.1 \im is formed on a sur- 
face of the diamond particles 109 having a particle 
diameter of about 1 (xm adhering to the substrate. 
[0233] During the formation, the diamond particles 
111 formed by the CVD growth process do not form a 
continuous film. Especially at the interface between the 
diamond particles 109 adhering to the W electrode sub- 
strate and the W electrode substrate and the vicinity 
thereof, the growth of the diamond particles 1 1 1 is insuf- 
ficient. As a result, the surface of the diamond particles 
109 adhering to the W electrode substrate is insulating 
due to the insufficient hydrogenation and insufficient 
diamond growth. Only a surface of the diamond parti- 
cles 111 formed by CVD growth becomes conductive as 
a result of sufficient hydrogenation and sufficient dia- 
mond growth. In consequence, the CVD-grown dia- 
mond particles 111 acting as the electron emitting 
member 103 is electrically connected to the electron 
injection electrode 101 through the surface of the dia- 
mond particles 109 adhering to the W electrode sub- 
strate and having a low level of conductivity. 
[0234] The W electrode acts as the electron injec- 
tion electrode 101. In the insulating diamond particles 
109 adhering to the W electrode, portions which are 
close to the W electrode and thus are not treated with 
sufficient hydrogenation or sufficient diamond growth 
act as the electron transporting member 102. The CVD- 
grown diamond particles 111 acts as the conductive 
electron emitting member 103. Thus, the electron emit- 
ting device in this example is provided. 
[0235] The electron emitting device utilizing the dia- 
mond thin film thus formed is put in a vacuum apparatus 
having a vacuum maintained at 10"^ Torr or less, and a 
counter electrode 104 is provided 1 mm away from the 
electron emitting device. 

[0236] A lead was drawn out from the electron injec- 
tion electrode 101 as the W substrate and was 
grounded, and a DC voltage of 7 kV was applied 
between the ground and the counter electrode 104. It 
was confirmed that electron emission occurs at a cur- 
rent density of 1 |xA/cm^ or more. 
[0237] In some of the above-described examples, 
the process for growing a diamond thin film forming the 
electron transporting member 102 and the electron 
emitting member 103 by a vapor phase growth tech- 
nique preferably includes a pre-growth treatment step of 
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distributing diamond growth nuclei having a distribution 
density of 1 x 10^°/cm^ or more. Such a pre-growth 
treatment step allowed a very thin continuous diamond 
film to be formed; vapor phase growth of a diamond thin 

5 film having a thickness of 500 nm or less as an insulat- 
ing layer was first realized. When, for example, a dia- 
mond thin film is formed by microwave CVD vapor 
phase growth using hydrogen-diluted methane, the sur- 
face of the diamond thin film is hydrogenized to be con- 

10 ductive, and as a result, the conductive electron emitting 
region is automatically formed. 

(Example 1 3) 

15 [0238] Figure 27 shows a schematic cross-sec- 
tional view of an image display apparatus in a thirteenth 
example according to the present invention. This image 
display apparatus includes an electron emitting device 
according to the present invention described above as 

20 an electron emitting source. 

[0239] Specifically, a plurality of electron emitting 
devices 211 according to the present invention are 
formed on a substrate 212a acting as a part of an enclo- 
sure 212, thus forming an electron emitting source 220. 

25 Reference numeral 213 represents an image forming 
section, which includes an electron driving electrode 
213a for performing driving and control such as, for 
example, acceleration, deflection and modulation of 
electrons from the electron emitting source 220 (elec- 

30 tron emitting devices 21 1 ) and a fluorescent body 21 3b 
adhering to an inner face of a part 21 2b of the enclosure 
212. The image forming section 213 displays images by 
causing the fluorescent body 213b to emit light by the 
driven electrons. 

35 [0240] Since the electron emitting source 220 
includes the electron emitting devices 211 according to 
the present invention, a large amount of emission cur- 
rent can be generated at a low voltage. Thus, a planar 
image display apparatus which can be driven at a low 

40 voltage and provide a high luminance is realized. 

[0241] Figures 28(a) through 28(d) schematically 
show a method for producing the image display appara- 
tus in this example. 

[0242] First, as shown in Figure 28(a), a plurality of 
45 electron emitting devices 211 are formed on the sub- 
strate 212a acting as a part of the enclosure 212 by any 
method described in the examples of the present inven- 
tion, thereby forming the electron emitting source 220. 
The electron driving electrode 213a as a part of the 
50 image forming section is provided (Figure 28(b)). The 
enclosure part 212b having the fluorescent body 213b 
adhering to the inner face thereof is provided (Figure 
28(c)). Then, a vacuum is applied to the inside of the 
enclosure 212 to provide the image display apparatus in 
55 this example shown in Figure 27 (Figure 28(d)). 
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INDUSTRIAL APPLICABILITY 

[0243] As described above, according to the 
present Invention, an electron emitting member In the 
form of, for example, particles adheres to a conductive 
layer as an electron transporting member, with an elec- 
tric field concentration region formed of an insulating 
layer or the like interposed therebetween. Accordingly, 
the electric field is efficiently concentrated in the electric 
field concentration region (insulating layer) between the 
electron transporting member (conductive layer) and 
the electron emitting member (particles). As a result, 
the electron barrier existing at the Interface between the 
electron transporting member (conductive layer) and 
the electron emitting member (particles) Is lowered, and 
thus the electrons are easily Injected Into the electron 
emitting member (particles). The resultant electron 
emitting device allows electrons to be emitted at a low 
voltage. 

[0244] According to the present invention, the elec- 
tron transporting member is provided between the elec- 
tron injection electrode and the electron emitting 
member. The electron transporting member is struc- 
tured so as to include an electrically Insulating or highly 
resistive portion when a weak DC electric field Is 
applied between the electron Injection electrode and the 
electron emitting member. The resultant electron emit- 
ting device has all the following features demanded of 
the electron emitting device: (1) being capable of emit- 
ting electrons at a relatively weak electric field (the elec- 
tron emitting member having a small electron affinity); 
(2) having sufficient chemical stability In the surface of 
the electron emitting member (emitter) to maintain sta- 
ble electron emission; and (3) being excellent In anti- 
wear and anti-heat characteristics. Thus, the resultant 
electron emitting device Is comprehensively superior. 

Claims 

1 . An electron emitting device, at least comprising an 
electron transporting member; an electron emitting 
member; and an electric field concentration region 
formed between the electron transporting member 

and the electron emitting member. 

2. An electron emitting device according to claim 1 , 
wherein the electron transporting member Is a con- 
ductive layer. 

3. An electron emitting device according to claim 1 , 
wherein the electric field concentration region Is 
formed of an Insulating layer. 

4. An electron emitting device according to claim 1, 
wherein the electron emitting member Is formed of 
particles. 

5. An electron emitting device according to claim 1, 
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wherein the electron transporting member Is a con- 
ductive layer, the electric field concentration region 
is formed of an insulating layer formed on the con- 
ductive layer, and the electron emitting member is 
5 formed of particles provided on the insulating layer. 

6. An electron emitting device according to claim 1 , 
further comprising an extraction electrode provided 
at a prescribed position with respect to the electron 

w emitting member and supplied with a potential for 
extracting electrons from the electron emitting 
member. 

7. An electron emitting device according to claim 1, 
15 wherein a surface of the electron transporting mem- 
ber Is roughened so as to have convex and concave 
portions, and the electron emitting member Is pro- 
vided on the roughened surface of the electron 
transporting member, with at least the convex por- 

20 tions of the convex and concave portions Inter- 
posed therebetween. 

8. An electron emitting device according to claim 1, 
further comprising a circuit for causing an electric 

25 current to flow In the electron transporting member. 

9. An electron emitting device according to claim 1, 
wherein the electric field concentration region Is 
formed of an Insulating layer formed on a surface of 

30 the particles forming the electron emitting member, 
and the particles are provided on the electron trans- 
porting member with the Insulating layer Interposed 
therebetween. 

35 10. An electron emitting device according to claim 1, 
wherein the electron transporting member is a con- 
ductive layer, and the electric field concentration 
region Is formed of an insulating layer formed on the 
conductive layer, and the electron emitting member 

40 Is formed of particles provided so as to be partially 
burled In the Insulating layer. 

11. An electron emitting device according to claim 1, 
wherein the electric field concentration region has a 

45 thickness of 1 000 A or less. 

12. An electron emitting device according to claim 1, 
wherein the electron emitting member Is formed of 
a plurality of particles provided independently, out 

50 of contact with one another. 

13. An electron emitting device according to claim 1, 
wherein the electron emitting member Is formed of 
particles of a material having a negative electron 

55 affinity. 

14. An electron emitting device according to claim 13, 
wherein the particles are diamond particles. 
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15. An electron emitting device according to claim 14, 
wherein the diamond particles are artificial dia- 
mond particles. 

16. An electron emitting device according to claim 14, 
wherein the diamond particles are diamond parti- 
cles synthesized by a vapor phase technique. 

17. An electron emitting device according to claim 13, 
wherein the particles are carbon particles partially 
having a diamond structure. 

18. An electron emitting device according to claim 14, 
wherein an outermost surface layer of the diamond 
particles has a termination structure bonded with 
hydrogen. 

19. An electron emitting device according to claim 17, 
wherein an outermost surface layer of the carbon 
particles has a termination structure bonded with 

hydrogen. 

20. An electron emitting device according to claim 14, 
wherein the diamond particles are formed by being 
exposed to a hydrogen atmosphere of 600°C or 
higher. 

21 . An electron emitting device according to claim 1 7, 
wherein the carbon particles are formed by being 
exposed to a hydrogen atmosphere of 600°C or 

higher. 

22. An electron emitting device according to claim 1 4, 
wherein the diamond particles include an impurity. 

23. An electron emitting device according to claim 17, 
wherein the carbon particles include an impurity. 

24. An electron emitting device according to claim 22, 
wherein the impurity is formed by ion implantation. 

25. An electron emitting device according to claim 22, 
wherein the impurity has a density of 1 x 10^^/cm^ 
or higher. 

26. An electron emitting device according to claim 23, 
wherein the impurity is formed by ion implantation. 

27. An electron emitting device according to claim 23, 
wherein the impurity has a density of 1 x lO^'^/cm^ 
or higher. 

28. An electron emitting device according to claim 1, 
wherein the electron transporting member is a con- 
ductive layer formed of a material having a small 
work function. 

29. An electron emitting device, at least comprising an 
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electron injection member; an electron emitting 
member: and an electron transporting member 
formed between the electron injection member and 
the electron emitting member, 
5 wherein the electron transporting member 

includes an electrically insulating or highly resistive 
portion when supplied with a prescribed low DC 
voltage. 

10 30. An electron emitting device according to claim 29, 
wherein the electron transporting member includes 
a portion having an electric resistance of 1 kQcm or 
higher when supplied with such a weak electric field 
as to make a highest electric field strength in the 

15 electron transporting member 1 mV/^m or less. 

31. An electron emitting device according to claim 29, 
wherein the electron emitting member includes a 
substance having a negative electron affinity. 

32. An electron emitting device according to claim 29, 
wherein the electron emitting member includes a 
substance containing at least carbon or particles 
thereof. 

25 

33. An electron omitting device according to claim 32, 
wherein the electron emitting member includes 
graphite particles. 

30 34. An electron emitting device according to claim 29, 
wherein the electron emitting member includes at 
least wide bandgap semiconductor particles having 
a bandgap of 3.5 eV or more. 

35 35. An electron emitting device according to claim 29, 
wherein the electron emitting member includes dia- 
mond particles. 

36. An electron emitting device according to claim 29, 
40 wherein the electron emitting member is formed of 
particles, and the particles are each larger than a 
cube having a side of 1 nm and can be accommo- 
dated in a cube having a side of 1 mm. 

45 37. An electron emitting device according to claim 29, 
wherein the electron transporting member is 
formed of particles or a thin film of a wide bandgap 
semiconductor material having a bandgap of 3.5 eV 
or more, and the electron emitting member is 

50 formed on a surface of the particles or the thin film 
of the wide bandgap semiconductor material. 

38. An electron emitting device according to claim 29, 
wherein the electron transporting member and the 
55 electron emitting member are each formed of parti- 
cles of a thin film of a diamond material formed by a 
vapor phase growth technique. 
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39. An electron emitting device according to claim 29, 
wherein the electron emitting member is a surface 
conductive layer of particles or a thin film of a hydro- 
genised diamond material. 

40. An electron emitting device according to claim 29, 
wherein the electron transporting member and the 
electron emitting member are each formed of a dia- 
mond thin film, and the diamond thin film has a 
thickness of 1 0 nm or more and 1 0 nm or less. 

41 . An electron emitting device according to claim 29, 
wherein the electron transporting member is 
formed of diamond particles, and the electron emit- 
ting member is formed of diamond-containing a car- 
bon-based thin film or particles formed on at least a 
part of a surface of the diamond particles forming 
the electron transporting member. 

42. An electron emitting device according to claim 29, 
wherein at least one of the electron emitting mem- 
ber and the electron transporting member is formed 
of a wide bandgap semiconductor material having a 
bandgap of 3.5 eV or more, and the wide bandgap 
semiconductor material is a compound of nitrogen 
and at least one element of Ga, Al, In and B. 

43. An electron emitting device according to claim 29, 
wherein the electron injection member and the 
electron transporting member are in ohmic contact 
with each other. 

44. An electron emitting device according to claim 29, 
wherein the electron transporting member includes 
an insulating layer having a thickness of 500 nm or 
less. 

45. A method for producing an electron emitting device, 
comprising the steps of: 

forming an electron transporting member on a 
substrate; and 

providing an electron emitting member in con- 
tact with the electron transporting member with 
an electric field concentration region inter- 
posed therebetween. 

46. A method for producing an electron emitting device 
according to claim 45, wherein the electron trans- 
porting member is a conductive layer formed on the 
substrate, and the electron emitting member is 
formed of particles provided in contact with the con- 
ductive layer with an insulating layer acting as the 
electric field concentration region interposed there- 
between. 

47. A method for producing an electron emitting device 
according to claim 45, further comprising the step 



of providing an extraction electrode to be supplied 
with a potential for extracting electrons from the 
electron emitting member, the extraction electrode 
being provided at a prescribed position with respect 
5 to the electron emitting member. 

48. A method for producing an electron emitting device 
according to claim 45, further comprising the step 
of roughening a surface of the electron transporting 

10 member. 

49. A method for producing an electron emitting device 
according to claim 45, further comprising the step 
of providing a circuit for causing an electric current 

15 to flow in the electron transporting member. 

50. A method for producing an electron emitting device 

according to claim 45, wherein the step of providing 
the electron emitting member includes the steps of: 

forming an insulating layer acting as the elec- 
tric field concentration region on a conductive 
layer acting as the electron transporting mem- 
ber, and 

25 providing particles acting as the electron emit- 

ting member on the insulating layer. 

51 . A method for producing an electron emitting device 
according to claim 45, wherein the step of providing 

30 the electron emitting member includes the steps of: 

forming an insulating layer acting as the elec- 
tric field concentration region on a surface of 
particles acting as the electron emitting mem- 
35 ber, and 

providing the particles on a conductive layer 
acting as the electron transporting member. 

52. A method for producing an electron emitting device 
40 according to claim 45, wherein the step of providing 

the electron emitting member includes the steps of: 

causing a mixture of a liquid curable insulating 
substance and prescribed particles to adhere 
45 to a conductive layer acting as the electron 

transporting member, 

curing the liquid curable insulating substance, 

selectively removing only a surface portion of 
50 the cured insulating substance to expose a por- 

tion of the particles included in the mixture, 
thereby causing the exposed portion of the par- 
ticles to act as the electron emitting member. 

55 53. A method for producing an electron emitting device 
according to claim 52, wherein the selective remov- 
ing step is performed by chemical etching. 
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54. A method for producing an electron emitting device 
according to claim 53, wherein the chemical, etch- 
ing is performed by a hydrogen plasma irradiation 
process. 

55. A method for producing an electron emitting device 
according to claim 45, wherein the step of providing 
the electron emitting member includes the steps of: 



ber, 

providing the substrate having a conductive 
layer acting as the electron transporting mem- 
ber formed thereon in a solution containing par- 
ticles dispersed therein, and 
applying ultrasonic vibration to the solution to 
cause the particles in the solution to adhere to 
the conductive layer. 



forming an insulating layer acting as the elec- w 
trie field concentration region on a conductive 
layer acting as the electron transporting mem- 
ber, 

providing the substrate having the insulating 
layer formed thereon in a solution containing 15 
particles dispersed therein, and 
applying ultrasonic vibration to the solution to 
cause the particles in the solution to adhere to 
the insulating layer, 

wherein the particles adhering to the insulating 20 
layer act as the electron emitting member. 



59. A method for producing an electron emitting device 
according to claim 45, wherein the step of providing 
the electron emitting member includes the steps of: 

forming an insulating layer acting as the elec- 
tric field concentration region on a surface of 
particles acting as the electron emitting mem- 
ber, and 

applying a solution containing particles dis- 
persed therein to the conductive layer acting as 
the electron transporting member to cause the 
particles to adhere to the insulating layer. 



56. A method for producing an electron emitting device 
according to claim 45, wherein the step of providing 
the electron emitting member includes the steps of: 



60. A method for producing an electron emitting device 
according to claim 45, wherein the step of providing 
25 the electron emitting member includes the steps of: 



forming an insulating layer acting as the elec- 
tric field concentration region on a conductive 
layer acting as the electron transporting mem- 
ber, and 

applying a solution containing particles dis- 
persed therein to the insulating layer to cause 
the particles to adhere to the insulating layer, 
wherein the particles adhering to the insulating 
layer act as the electron emitting member. 



forming an insulating layer acting as the elec- 
tric field concentration region on a surface of 
particles acting as the electron emitting mem- 
ber, and 

using an electrophoresis process using a solu- 
tion containing the particles dispersed therein 
to cause the particles to adhere to a conductive 
layer acting as the electron transporting mem- 
ber. 



57. A method for producing an electron emitting device 
according to claim 45, wherein the step of providing 
the electron emitting member includes the steps of: 

forming an insulating layer acting as the elec- 
tric field concentration region on a conductive 
layer acting as the electron transporting mem- 
ber, and 

using an electrophoresis process using a solu- 
tion containing particles dispersed therein to 
cause the particles to adhere to the insulating 

wherein the particles adhering to the insulating 
layer act as the electron emitting member. 

58. A method for producing an electron emitting device 
according to claim 45, wherein the step of providing 
the electron emitting member includes the steps of: 

forming an insulating layer acting as the elec- 
tric field concentration region on a surface of 
particles acting as the electron emitting mem- 



61. A method for producing an electron emitting device 
according to claim 48, wherein the step of roughen- 
ing the surface of the electron transporting member 
includes the step of forming a conductive layer act- 
ing as the electron transporting member by a ther- 
mal spraying technique. 

62. A method for producing an electron emitting device 
according to claim 48, wherein the step of roughen- 
ing the surface of the electron transporting member 
includes the steps of: 

forming a flat conductive layer acting as the 
electron transporting member, and 
roughening a surface of the flat conductive 
layer. 

63. A method for producing an electron emitting device 
according to claim 62, wherein the step of roughen- 
ing a surface of the flat conductive layer is per- 
formed by blasting. 



47 



EP1 056 110 A1 



48 



64. A method for producing an electron emitting device 
according to claim 62, wherein the step of roughen- 
ing a surface of the flat conductive layer is per- 
formed by chemical etching. 

65. A method for producing an electron emitting device 
according to claim 45, further comprising the step 
of roughening a surface of the substrate, wherein 
the electron transporting member is formed on the 
roughened surface of the substrate to roughen a 
surface of the electron transporting member. 

66. A method for producing an electron emitting device 
according to claim 45, wherein at least one of the 
electron transporting member and the electron 
emitting member is a diamond thin film grown by a 
vapor phase growth technique, the method com- 
prising the step of distributing diamond growth 
nuclei having a distribution density of 1 x 10^°/cm^ 
or more as a pre-vapor phase technique. 

67. A method for driving an electron emitting device, 
the electron emitting device including at least an 
electron injection member, an electron emitting 
member, and an electron transporting member 
between the electron injection member and the 
electron emitting member, wherein the electron 
transporting member includes an electrically insu- 
lating or highly resistive portion when supplied with 
a prescribed low DC voltage, the method compris- 
ing the step of applying a potential changing time- 
wise to the electron emitting member. 

68. A method for driving an electron emitting device 
according to claim 67, wherein a potential changing 
time-wise is applied to the electron emitting mem- 
ber in the state where the electron emitting member 
is insulated from the electron injection member in a 
DC manner. 



an electron emitting source; and 

an image forming section for forming an image 

by electrons emitted from the electron emitting 

source, 

wherein the electron emitting source includes 
at least a plurality of electron emitting devices, 
each being according to claim 1 . 



72. An image display 



comprising at least: 



an electron emitting source; and 

an image forming section for forming an image 

by electrons emitted from the electron emitting 

source, 

wherein the electron emitting source includes 
at least a plurality of electron emitting devices, 
each being according to claim 29. 

73. A method for producing an image display appara- 
tus, comprising the steps of: 

forming a plurality of electron emitting devices; 
forming an electron emitting source using the 
plurality of electron emitting devices and pro- 
viding the electron emitting source at a pre- 
scribed position; and 

providing an image forming section for forming 
an image by electrons emitted from the elec- 
tron emitting source, at a prescribed positional 
relationship with the electron emitting source, 
wherein each of the plurality of electron emit- 
ting devices is formed by a method according 
to claim 45. 



L A method for driving an electron emitting device 
according to claim 68, wherein the potential chang- 
ing time-wise is formed by superimposing a DC 
voltage for causing the electron emitting member to 
have a positive potential with respect to the electron 
injection member, to a prescribed AC voltage. 



70. A method for driving an electron emitting device 
according to claim 67, wherein an extraction elec- 
trode is supplied with a DC voltage, for applying an 
electric field to the electron emitting member 
through a vacuum area, the electric field being 
applied for causing electrons to be emitted from the 
electron emitting member, so that the electron 
injection member has a negative potential and the 
extraction electrode has a positive potential. 

71 . An image display apparatus, comprising at least: 
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